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ll W FOR DC OR RESISTANCE INPUT 


Mopet 200-A uses an input of 10,000 
ohm resistance potentiometers as an in- 
put transducer providing 10 to 1 scale 
expansion and origin positioning. Avail- 
able standard digital input accessories 
are essentially inputs of this type. Any 
resistance potentiometer will provide an 
analog input for this configuration. 

Mopbet 200-B, used for D.C. signal input, 
has full scale sensitivities of 5  milli- 
volts and an input impedance of 1,000 
megohms. Utilizing standard reference 
cells, this model provides drift-free 
operation. Available external reference 
voltages may be substituted. A plug con- 
nection is provided to facilitate the quick 
interchangeability of input sections. 


il W FOR SIMPLIFIED OPERATION 


Precision Vernier Dials provide an accu- 
rate method for obtaining fine adjust- 
ment during operation, Optional point 
plot or continuous line plotting is a 
feature of both models. Selection is by 
front panel manual control. A new, sim- 
plified pen of one-piece design-used for 
point or continuous plotting—eliminates 
bottles and tubes, permits rapid chang- 
ing of ink colors. Independent action of 
the X and Y axis is achieved with Libra- 
scope’s unique “Floating Gear Train”’ 
No cables, tapes or lead screws to cause 
lost motion, cable stretching or drift- 
ing out of alignment. The 120° concave 
cylindrical plotting surface provides full 
visibility ...is completely illuminated. 


il Ye FOR WIDER APPLICATION 


These fast, dependable general purpose 
plotters feature 0.1% accuracy, are suit- 
ed for wide applications where rapid 
graphic presentation of data is required, 
such as: laboratory testing, computers, 
data handling systems, wind tunnel, mis- 
sile tracking and quality control testing 
of transistors and other electronic compo- 
nents. Input selection includes Punched 
Card and Tape Converters, Decimal 
Keyboards and Binary Converters. Model 
200-A can plot from Flexowriter tape in 
any code or directly from the Tape Punch 
cables of many digital computers. Sub- 
chassis can be supplied to handle time- 
shared X versus Y plots, or other spe- 
cial circuitry. Write today for details. 


LIBRASCOPE X+-Y PLOTTER 


HIGHEST ACCURACY FOR GRAPHIC DATA HANDLING 


NEW LIBRASCOPE PUNCHED TAPE CONVERTER 
Operates from a punched tape reader—Spec- 
ially designed for Librascope X-Y Plotters— 
This unit is adaptable to other plotters. 


LIBRASCOPE INCORPORATED * 8O8 WESTERN AVENUE 


LIBRASCOPE PUNCHED CARD CONVERTER 
Converts punched card data to analog form 
for input to X-Y Plotters. Automatic Position 
for feeding 50 punched cards per minute. 


GLENDALE, CALIFORNIA 





GEDA 


solves control 
problems ° 


UNCONTROLLED 
FABRIC POSITION , Mibgaaga; 








ROLLER 


ROLLER ANGLE 


CONTROLLED 
FABRIC POSITION 





DESIRED CENTER POSITION QO 


*in this case the problem is to control the 
rolling of fabric in a textile mill—to insure 
“perfect edges,” eliminate waste and knif- 
ing—in order to effect savings for the user 


PHOTO TUBE 
AND 
PREAMPLIFIER 


SERVO AMPLIFIER 
AND 


SWITCH 


SWITCH MOTOR 


IT MAKES NO DIFFERENCE if the problem shown 
above is not similar to one facing you right now. 
The big point is this: 


GEDA-—versatile analog computing equipment built 
by Goodyear Aircraft—can speed the analysis and 
solution of difficult automatic control and engineer- 
ing design problems facing almost ANY type of 
industry. 


YOU SIMPLY set up your own problem, inject your 
own control characteristics—and “feed” it to 
GEDA. 


IT iS BY FAR the simplest and most assured way to 


(GED /\ ANALOG COMPUTERS — 


STABILIZING NETWORKS 


eliminate hit-or-miss experimentation and empiri- 
cal “guesswork.” You’ll find GEDA is as easy to 
use as it is versatile—delivers results in wave forms 
and voltages for easy translation without requiring 
learning of specialized mathematics. 


A VITAL ENGINEERING TOOL, GEDA can deliver 
tremendous savings in engineering man-hours — 
possesses quality and flexibility foremost in its field. 


WRITE FOR LITERATURE which describes the complete 
line of GEDA “Advanced Design” Computing 
Equipment: Goodyear Aircraft Corporation, 
931GI, Akron 15, Ohio. 


best way to give your hunch a chance! 


GOOD/ YEAR AIRCRAFT 


GEDA—T. M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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Critiolhized Oprritions. Sono... 


Remote Supervisory Controls 
For Industrial & Governmental Use 


P Puts all controls and metering in your central office. 





Central terminal equipment 
for control of remote op- 
erations and display of 
telemetered information. 


Remote terminal equipment. Operates 
in resp to signals received from the 
central control point to perform ON-OFF 
and OPEN-CLOSE operations and returns 
metered data. Local control and indicat- 


ing meters are also included. 





P Provides simultaneous and continuous operations. 
P Uses your present instruments if desired. 
P Uses just one telephone circuit or radio channel. 


P Is tested, proven, and safe. 


Your present equipment can be integrated 
into a Centralized Operation Control system. 
What COC does is modernize it to the extent 
that all your normal control and telemetering 
operations can be handled from a single 
central point over a single telephone circuit. 
Or, radio or microwave may be used. 


Now, valves and switches can be opened and 
shut, pumps and other machinery can be 
started and stopped, flow, levels, voltages 
and most all other quantities can be metered, 
all from your central control point. And all 
these functions can be operated continuously 
and/or simultaneously as desired. 


And, you don’t have to have an electronics 
specialist on the job to operate your COC 
system. Once installed, any capable com- 
munications service man, electrician or instru- 
ments man can service it. 


COC systems are flexible. All units are open- 
ended for future expansion. An almost un- 
limited number of functions are possible, but 
you buy only what you need at the start. 


Perhaps the most attractive feature to those 
who are responsible for controls and remote 
instrumentation is dependability and safety. 
COC units loaf most of the time—they are 
designed with an 8 to 1 safety factor. And 
there are all the extensive fail-safe and alarm 
features built in that you will want. 


For full information, write to The Hammar. 
lund Manufacturing Company, 460 West 34th 
Street, New York 1, New York. 


Ask for Bulletin CC-13 


W HAMMARLUND 


CONTROL ENGINEERING 


Since 1910 





Control «+ 


ENGINEERING 


INSTRUMENTATION AND AUTOMATIC CONTROL SYSTEMS 
FEATURE ARTICLES How du Pont Centralized its Control Engineering 
Data Processing & Inventory Control —_ E. D. Lucas 
Timers Pace Automatic Production _J. E. Graham 
Monitors Safeguard Industry’s Processes Staff 
Magnetic Amplifiers Invade Heavy-Duty Jobs 
Ulrik Krabbe 
Valve Actuators Tie Precision to Power  C. D. Close 
Space Dynamics in Machine Control J. L. Bower 105 
Sampled-Data Feedback Improves System Response 
J. E. Bertram and G. Franklin 107 
Automatic Machining—A View and Preview 
Waldo H. Kliever 
Optimized Plant Process Control Nears Reality 
E. W. Silvertooth 





IDEAS AT WORK Our Schools Advance Control Engineering 


Project reports from Case Institute, Cornell, MIT, 
University of Michigan, and Ohio State 


DEPARTMENTS 


Control Personality — Waldo H. Kliever 
Industry's Pulse— Will Engineers Help Solve Labor Problems? 
Editorial —'The Roots of Automatic Processing 

(An Editorial ‘Theme by Donald P. Campbell) 
4 


57 


Shoptalk Bulletins and Catalogs 189 





Feedback 6 


What’s New 
New Products 


18 
144 


Books 
Abstracts 
Meetings Ahead 


196 
203 
206 





WILLIAM E. VANNAH Editor 


LLOYD E. SLATER Managing Editor 
Associate Editor 
Assistant Editor 
Assistant Editor 
Assistant Editor 

Copy Editor 


Editorial Assistant 


BYRON K. LEDGERWOOD 
EDWARD J. KOMPASS 
RAYMOND N, AUGER 
HARRY R. KARP 
WARREN KAYES 

SUSAN RICHMOND 


JACK GORDON Art Director 


DEXTER M. KEEZER Dir. Economics Dept. 
G. B. BRYANT, JR. 


JOHN WILHELM 


Mgr. Washington Bureau 
Editor, World News 


Consulting Editors 


GORDON S. BROWN 
EUGENE M. GRABBE 
MARION V. LONG 
DAVID RUBINFIEN 
KEITH HENNEY 


Cambridge, Mass. 

Los Angeles, Calif. 
Emeryville, Calif. 

Chicago, IIl. 

New York, N. Y. 


Advertising Sales 
ROBERT W. OBENOUR 
GEORGE S. BAIRD jR. 
W. F. BUEHL 

JOHN C. MITCHELL 
JOHN G. ZISCH 
STOKES T. HENRY 
JAMES H. CASH 

T. H. CARMODY 
GORDON L. JONES 


W. W. GAREY 
R. M. H. BERG 
W. C. CARMICHAEL 


ADVERTISING INDEX 
PRINT ORDER THIS ISSUE 


New York 

Boston 

Philadelphia, New York 
Cleveland, Detroit 
Chicago, St. Louis 
Atlanta 

Dallas 

San Francisco 


Los Angeles 


Publisher 


Advertising Sales Manager 


Production Manager 


220 
28,438 





STATHAM UNBONDED 
STRAIN GAGE TRANSDUCTION 


TEMPERATURE COMPENSATION 
OVER 315 F. INTERVAL 


PRESSURE ADAPTERS 
FOR CLOSED LINE APPLICATIONS 


NO EPOXY 
RESIN PRESSURE SEALS 


ABSOLUTE PRESSURE 
0-5 to 0-150 PSIA MODEL P130 
DIFFERENTIAL PRESSURE 
+ 25 and 0-5 to 0-150 PSID...MODEL P131 
GAGE PRESSURE 
) 0-150 PSIG MODEL P132 


BULLETIN MPT-1 


contains complete specifications 
on the foregoing 
pressure transducer models. 


All matters pertaining to sale or use of 
instruments of our manufacture 
are handled by engineering personnel 
directly from our Los heal plant. 
Please feel free to wire or 
telephone us collect whenever we 
may be of service. 
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SHOPTALK 


WE PAUSE, TAKE STOCK—THEN MARVEL 

With this issue Conrrot ENGINEERING starts its second 
publishing year. Meeting the preceding twelve deadlines 
was rather hectic. So hectic, in fact, that we darn near 
sailed into our second year without marveling at how we 
got through the first. But now that Issue 13 is in hand, 
we'll take a breather and indulge ourselves. 


MARVEL NO. 1: OUR GOOD READERS 


Our outstanding concern and comfort for the year was 
you, the reader. We have been most anxious to serve you 
with the right stuff. And with readable stuff. Your good 
letters—con as well as pro—have been manna to the edi- 
tors. They mean, A) that we are being read, and B) that 
you think we've said something well, or might say some- 
thing better. (As control engineers we often ‘find negative 
feedback more positive than | positive feedback.) But, most 
of all, we like the way you have rallied to our cause. Over 
25,000 of you will get this issue. This alone is enough to 
reinforce our resolve to do better in the coming year. 


MARVEL NO. 2: OUR TECHNOLOGY 


Another outstanding comfort has been the liveliness and 
growth of the technology we write about. It is impossible to 
lose enthusiasm about a subject that happens almost as 
you predict it. It seems that more progress took place in 
control engineering in the past year than in the previous 
three. 

Because of the vitality of our field—and to mark our 
birthday—we decided to put together this stock-taking 
issue. It’s object: to survey the practical gains of control 
on the broad industrial front—and to catch a glimpse of 
the progress ahead. 


A GALLOP TO THE NORTH 


After planning, contracting for, and writing this ~eig 
our mercurial technology again zipped by us. Right a 
printing time we got rumors that ideas in our two visionary 
system surveys—see pages 80 and 112—were on the verge of 
being realized. Both events were up north. So we dis- 
patched our sweltering Managing Editor on a rapid picture- 
taking and notebook motor junket through Vermont, New 
Hampshire, and the Province of Quebec. Lucky Lloyd. He 
not only slipped the heat wave ‘But was eye-witness to a 
slice of control’s future. Read his special very late news 
story on pages 22 and 23. 





— }j-{)! Panellit is proud to have contributed 
poor §=— Pili *| tO the Atoms-for-Peace Conference 


exhibited at 
Geneva, | Control panel built for nuclear reactor includes 
a | unique graphic indicator that simulates 
movement of control rods in reactor 


Oak Ridge National Laboratory specified a precise and safe control 
system for Project Aquarium—the “swimming pool’ reactor built for 
display to 1200 scientific delegates at the Geneva Atoms-for-Peace 
Conference. 

Requirements stated: “The public character of this operation . . 
dictate(s) that the utmost in quality and reliability be built into the control 
components and into their interconnecting structure.” 

Panellit did the job!—engineered and built the system to exacting 
standards in 40 days and delivered it to Oak Ridge on time! 

Project Aquarium is another example of the tough problems in 
control instrumentation solved successfully by Panellit. 

Panellit designs, engineers and builds automatic control and infor- 
mation systems for atomic developments and the electric power and 
process industries. 

Write for literature on graphic control panels, central control rooms, 
alarm systems, and on scanning, monitoring and data reduction systems. 
Panellit, Inc., 7461 N. Hamlin Avenue, Skokie, Illinois, and in 
Canada, Panellit of Canada, Ltd., 60 Newcastle Street, Toronto 14. 




















Reactivity is controlled by three movable 
rods inserted into the reactor core. Panellit 
designed this unique graphic indicator to 
depict the rod positions. 


Control panel built by Panellit for Project Aquarium. 


. 
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FEEDBACK 


TOKYO TIDINGS 


To tHE Eprror— 

At this first anniversary of the pub- 
lication of Conrrot ENGINEERING, 
we express our cordial congratulations 
to you. It is most encouraging to wit- 
ness that Conrrot ENGINEERING is 
taking a leading role in advancing this 
new field of science and becoming so 
popular among young control engi 
neers in United States of America. In 
this, another corner of the world, we, 
the Society of Automatic Control, are 
realizing the same enthusiasms to con- 
trol engineering in publishing a jour- 
nal, Automatic Control and convening 
a monthly symposium in Tokyo. It is 
our sincere hope that this adolescent 
science should grow up on the basis 
of the mutual friendliness and cooper- 
ation between your journal and ours, 
and also friendship between United 
States of America and Japan. 

Yours sincerely, 
(signed) Akira Nomoto, editor in 
chief 
(signed) Yasundo Takahashi, ex 
editor in chief 
The Society of 
matic Control 


Auto 


PROBLEM FORUM 


Keep sending in the prob- 
lems. One of our readers may 
produce a solution that will 
change your day from gray to 
gold. The cash rewards, though 
modest, still are being paid for 
interesting problems and prac- 
tical solutions. This month’s an- 


swer to problem number 5— 


Thank you very much for your kind 
sentiments. We, too, hope that the 
maturing science of automatic control 
can be a basis of improved relations 
between your country and ours. The 
language of differential equations, 
transient response, and frequency re- 
sponse is interlinguval. It is only the 
ext of an article in Regelungstechnik, 
Avtomatika i Telemekhanika, Mesures 
et Controle Industriel, Control Engi- 
neering, Or 


Ea 8h lie 


that is a national barrier to under- 
standing. We are optimistic that our 
interlingual communications will be- 
come stepping stones to peace. Ed. 


CtE at a historical meeting 


To THE Epiror 

June 20 we had our first meeting of 
the Los Angeles chapter of the Pro 
fessional Group on Automatic Control 
of the IRE. We had two technical 
papers, one on “Electronic Instru 


: 1 Min 


ments for Process Control’ by 


Another June answer 


To THE EpITroR 
In regard to your problem concern 

ing the integration of a flowmeter sig 
nal, I suggest that you apply either 
the signal from the meter, or an ampli 
fication of that signal, to a watt-hou 
type meter. This meter can move a 
variable resistor. A timer can open 
and close a circuit through the resis 
tor and reset the resistor. Hook a 
recorder in series with the resistor and 
you have an arrangement that is cheap 
and reliable. 

Phil Sauer 

Operations Engineer 

Sharples Chemicals, Inc 

Wyandotte, Mich. 
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neapolis-Honeywell engineer, and a 
second on “Process Plant Design” by 
an engineer from Fluor Corporation. 
In the question period, the first 
question of the evening was directed 
to the Minneapolis-Honeywell man. 
The questioner wanted to know where 
he could find the latest information 
on techniques for analysis of process 
control. Without a second’s hesita- 
tion, the Minneapolis-Honeywell man 
replied: “Read Conrrot ENGINEER- 
ING. 
E. M. Grabbe, 
Chairman 
La Canada, Cal. 
Pass along your copy to the next 
man. Ed. 


Mechanics don’t go to school? 


To THe Eprror— 

We have read the editorial on page 
49 of your June, 1955, issue in regard 
to the need for technicians abroad. 

In regard to the above, we would 
like to comment as follows: You say 
“basic training for technicians and me- 
chanics in the United States is well 
established and that in-company train- 
ing programs, manufacturers’ schools, 
society clinics, and so forth, offer 
sound means for upgrading ambitious 
technicians.”” We would like to take 
issue with this statement based on the 
following conclusions: 

A technician or mechanic is, in the 
greater majority of cases, a labor union 
member and, therefore, an hourly em- 
ployee who cannot be sent to a manu- 
facturers’ school or society clinic for 
instruction in instrumentation. At 
this point, we know of no company 
that sends their mechanics to the 
above-mentioned school or clinic for 
the reason stated. We wonder if you 
are aware of this condition that we are 
faced with today, and would appre- 
ciate it if you would shed some light 
on the subject to tell us how we can 
accomplish what you mention in your 
editorial. 

Name Withheld 

After a bit of research with one of 
the leading instrument manufacturers 
in this country, we have these com- 
ments: 

1. Seven per cent of the attendance 
at the 1954 Instrument Show in 
Philadelphia was composed of 
electricians, mechanics, inspectors, 
and instrument’ men. This 
amounts to 1,435 men, according 
to the audited survey of attend- 
ance, 

2. The field sales manager of the in- 





Have a 
mechanical control problem ? 


Use the Teleflex flexible rack 


for example: 
on a jet engine 


Teleflex provides a mechanical feedback linkage to compiste a servo loop 
System is over 100 inches long with normal temperature at one end and 
350° F. at other; has 270° of bend. Backlash is held to .022”. 


on a grinder 


Teleflex provides remote control of 8 different hydraulic regulating valves at 
machine side, from operator's panel at front of machine 





If you have a mechanical control problem in a product intended 
for high production—it will pay you to investigate Teleflex. 

Leading design engineers in all fields have used Teleflex to obtain a compact, single 
path linkage between two or more points. Teleflex flexible cable, operating through 
precisely drawn conduit, accurately transfers linear, arc, or rotary motion, under 
tension or compression, along the required devious path. Cable helix meshes with 
hobbed wheels placed wherever rotary motion is desired. 

Teleflex will design a system and supply components or pre-assembled linkages for } 


integration with your product on the production line. — 


Write for engineering data, a complete 
description of Teleflex, and illustrations of 
other actual Teleflex applications. Address: 


Teleflex Incorporated, 125 S. Main Street, 
North Wales, Penna. 














Ask for 
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Customer confidence has made Fulton 
Sylphon a leading supplier of temper- 
ature regulators . . . indeed, head- 
quarters for temperature regulator 
know-how. Consider this extra ad- 
vantage to you before buying any 
regulator. 

You are confident of the right regu- 
lator for your requirement! Fulton 
Sylphon offers a complete line of 
temperature regulators for industrial 
process control; engine controls; heat- 
ing, ventilating and air conditioning 
... provides latest engineering ad- 
vances in efficient, lower-cost tem- 
perature control. 

You are confident that the very finest 
engineering service is focused on your 
temperature control problem. 
Whether it involves field or plant 
engineering, your problem receives 
the prompt, specialized engineering 
service that only a leading supplier 
can afford to provide—without cost 
to you. 


You are confident of dependable per. 
formance in the field. Fulton Sylphon 
Temperature Regulators are pro- 
duced under the most rigid quality 
control standards. All parts are made 
by Fulton Sylphon to exacting, time- 
proved specifications. The diaphragm 
of each regulator is an all-metal 
Sylphon Bellows, originated by Fulton 
Sylphon and universally specified for 
the most critical military and indus- 
trial applications. 


You are confident of competent, near- 
by field service. Fulton Sylphon tech- 
nically trained representatives in 50 
cities throughout the United States 
assure you of fast, on-call service. 


Several types of Fulton Sylphon 
Temperature Regulators are described 
on the next page. For full information 
on these, and other types, use the 
convenient coupon. 
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No. 923-Q Regulator—Quick 
adjustment type for controlling 


No. 999 Temperature Regulator—For 

accurate control of industrial process 

temperatures, storage water heaters, 

bottle washers, si , etc. 

Self-powered, sensitive, with 

over-temperature protection. 

Sizes 4” to 4” inclusive. 
temperature of liquids, air or gases. 

For applications —s frequent 

changes in temperature 
4” to 4” inclusive. 


For Internal Combustion Engines— 
New Types 1280 and 1281 for control 
of cooling water or lubricating oil are 
y famous Fulton Syiphon 
-Pill thermostat units. Compact, 
easy-to-service, selt-powered and 
simple to install. 


New Hot-Cold Water Mixer— New Steam-Water Mixer—No. 1360 
No. 1350 Series Mixers give an Series injects steam directly into the 


accurate, controlled source of water, usin ey BTU of heat energy 


tempered water. Unaffected by to bring water to a constant, 
variations in water pressure. ——_ ame. Steam is 
Failure of water su: y er is drawn. 
automatically shuts off fiow. Automatic shut-off it water supply fails. 


FULTON SYLPHON DIVISION 


Knoxville 1, Tennessee 


([] Have your representative call for ap- Name 
pointment 





Company 





(C) Send literature describing Regulator Address 





Numbers: 





City. State 





SEPTEMBER 1955 





At Magnolia Petroleum TELSTOR | | '284°« 
Saves Operator Time and Clay 


strument company mentioned 
writes, 

“We went over some of the class 
rosters at random and found a very 
composite picture. For example, there 
were: 

1 Plant Manager 

5 Electricians 

Field Engineer 

Service Manager 

Instrumentation Men 

Service Men 

Instrument Engineer 

Instrument Makers 

Head Instrument Man 
Instrument Repairmen 
Mechanic’s Helper 

Weather Observers 

Mechanic 

Maintenance Man 

Chief Lab Assistant 

Lab Technician 

Research Lab Man 

Foreman 

Engineer 

Instrument Technician 

Operator 

“As you can see, this roster, which is 
A Fielden TELstor System now enables operators at Magnolia a typical one, certainly includes hourly 
Petroleum Co., Beaumont, Texas, to keep tabs on spent clay workers. 7” ; 

as it flows from a lube oil filter to a storage hopper to a re- “As to the definition of, or diffcrence 
vivifying kiln. between, instrument technicians and 


: Adi : instrument mechanics, this will, of 
Because of its ability to measure all types of material and course, vary from company to com- 


catalysts, TELSTOR shows clay level in the hopper with good pany. By and large, the instrument 
accuracy. Its simple and completely safe electronic system is technician is a man who entered the 
unaffected by the clogging nature of the oil-saturated clay. instrument industry with some formal 
Send the coupon today for more facts about TELSToR. education. His services are used more 
in application rather than in service 
TELSTOR Feat or maintenance. On the other hand, 
eatures the instrument mechanic is a man 
© For liquids, liquid inter- who probably has a high school di- 
face, powders, granular ploma, yet has shown an aptitude for 
; TELSTOR solids (conducting or ° : . a 
As clay level rises or falls, Measuring Unit ductinal instrument work either through his 
it increases or decreases non-conducting). . “ ‘ff : I bbi : sit ] «gin 4 
pp gre Measures spans up to Own specinc hobbies, possidly some 
of the TELSTOR Probe. ; Sataw f rm nen atinine 
Ti change detested 200 feet or any portion. ene in the vt ice, or even ~ 
by the Mecewing Un’ ‘eaten denies Mia 1ome correspondence course. In a 
remote Indicator. TELSTOR Indicator (350° F.); maximum temp- sense, his knowledge is a practical and 
erature 750° F. (150 psi). acquired one.” 
No moving parts—only The basic question of the pot- 
one radio tube. boiler started by our June editorial is 
close to a much bigger question: what 


\) can management and labor do to ad- 

\ So ee ee ee a —,| just job classifications in plants that 

| use automatic equipment? Our edito- 
FIELDEN INSTRUMENT DIVISION ;| tials have stressed the premise that 

| Dept. S 2920 N. 4th St., Philadelphia 33, Pa. labor must upgrade, and that the 
| Please send me bulletins describing: [_] FIELDEN MULTI-POINT Recorders hourly rate employee must be ambi- 
| [_] TELSTOR Continuous Level Indicator [_] TEKTOLOG Recorders tious enough to Teach for training, 
| [J TEKTOR Level Limit Control [[] FIELDEN NULL-BALANCE Recorders whether the training is in-plant, at a 
| 
| 
| 
| 





WO.2 CLAY CevEL 


ee ee ee ee ee ee eee ee ee) 





TELSTOR Probe 














night school, through correspondence 
NAME TITLE 





\| courses, or at the training schools con- 

COMPANY ‘| ducted by manufacturers of instru- 
ments and controls. 

_ How can management loosen the 

| _cny STATE __|| ties of an hourly rate man so that he 
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Accurate, Dependable 


Cc Pp Aaa, WATERPROOF 

CONTROLS 
<-SUPER HIGH-TEMP THERMAL SWITCH TYPE ASA-21-2 (Two-wire type) 

© Operates at temperatures to 1750°F, overshoot to 2200°F. 


@ Maintains unusually close temperature calibration. 
© Rapid response time. © High vibration resistance. 
© Light weight and compact. 








3 


AL 


PLUG-STAT VERSATILE 

THERMAL SWITCH—> 

e Withstands 200° F overshoot. 

© Precious metal contacts assure clean make and break. 
© Precise warning without calibration drift. 

@ Available with an A.N. connector. 

© Contacts normally open or normally closed. 

® Lightweight (only 1.5 oz.) 


\ 





WATERPROOF AND ACID-PROOF 


TYPE ASA-13 
} SNAP ACTION SWITCHES 


THERMAL SWITCH 
FOR TEMPERATURES 


| 
f 


Precision sine curve snap-action ele- 


ment 

Silicone, neoprene, vinyl or Kel-F cas- 
ing 

Normally open or normally closed, or 
3-wire types 

Withstand extreme shock and vibra- 
tion 

Actuators made to fit individual re- 
quirements 


TO 1200°F. > 

© Completely sealed, 
easily installed. 

@ Highly resistant to 
thermal shock, vibra- 
tion, heat, corrosion. 

©® Low mass insures 

fast response. 
© Functions under high 
and low vibration 
frequencies. 

© Designed for 

aircraft and general 

applications. 

® Stainless steel 
construction. 


Write for literature and engineering data on your specific switch problems 


Manufacturers of dependable 
Fire Detectors, Extreme High 
Temperature Switches, Overheat 
Indicators and Waterproof 
Snap-action Switches 


ete] Baie] & 
PRODUCTS -INC 


SUSSEX STREET, HARRISON, NEW JERSEY 
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Why ghop 
around « 


Recognized Leader 
in the specialized 


field of variable 


speed control 
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7 REEVES 


BASIC DRIVE 


get 


seer 


ag 


. 
«fA 


= Lo. 


Transmission "see 


Motodrive 


Variable Speed 
disc assembly 


Optional 
Handwheel 
location 


Any standard 
foot-mounted 
motor 


REEVES FLEXI-SPEED . om low speeds! 


Amazing new Flexi-Speed is but one outstanding example of the complete line 
of Reeves Variable Speed Drives. Now available with output speeds from 300 
rpm to 4800 rpm—speed ratios as great as 8:1. Combines efficiency, versatility 
and low price. 





offers the only complete line of variable 


speed drives and automatic controls 


Controlled- 
Acceleration 


Mechanical ee 
Ty + " 
Po ee 


’ 4 . / 

Auto-Tens baad — Electric Remote 

— 

. a 
a 


A >, ~ " oe a 


4 Pneumatic a 


FREE! REEVES New Automatic 
Production Control Booklet — Specify 
CE4-G537 


Auto- ve, 


Control 
oir 
pressure 


wew! 





IT’S AS 
SIMPLE AS THIS... 


1. Standard Pneumatic Controllers 
measure changes in heat, pressure and 
practically any other variables. 


2. The slightest change noted by the 


controller is relayed by air pressure to : + _ ———  Ovtput rpm —______ 
the REEVEs Motodrive. : 


3. The Reeves Motodrive automati- 

cally changes speed to compensate for LINEAR OUTPUT SPEED—necessary to 

changes in heat, pressure, etc., return- : i St atin 

ing the system to equilibrium. most Control appucationt eer 
exactness for proportioning and gives 
precise speed control throughout the 


REEVES AUTO-PNEUMATIC CONTROL entre range of the Motodrive. 


for regulating flow, pressure, heat, etc. 


REEVES PULLEY COMPANY + COLUMBUS, INDIANA 
Division of RELIANCE ELECTRIC AND ENGINEERING CO. 
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“Up a Tree” with a Relay Tree?... 


KELLOGG 
CROSSBAR 


solves complex 
switching 
problems 
quickly, easily 





and inexpensively 


The Kellogg Crossbar Switch illustrated below estab- 


lishes the different 
Any cross point can 
by energizing one 


types of electrical connections possible. 
be activated in less than 50 milliseconds 
select magnet and one hold magnet. 


Standard contact material used in the Kellogg Crossbar 


Switch is palladium 


(gold can also be provided). Mounting 


brackets are available which provide drawer-like removal 


for easy inspection. 


Circuits can be maintained while the 


Kellogg Crossbar Switch is in the process of switching other 


circuits. 


0 


Drawing No. 1 illustrates 
the basic Crossbar principle 
which permits any of sev- 
eral incoming circuits to be 
connected to any of several 
output circuits. This type of 
switch can connect any of 
60 circuits, 3 at a time, to 
any of 75, 
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CROSSPOINT 


2) Drawing No. 2 shows a 
means of switching one in- 
coming circuit to many pos- 
sible outgoing circuits— 
accomplished by removing 
every other vertical. Thus, 
instead of having one cable 
: terminal at one end of the 
switch, each remaining ver- 
tical has its own cable con- 
nection. This type of switch 
can easily be adapted to 
switch one circuit to any 
of 936. 


Write for Technical Bulletin 
Today! Dept. 72-] 
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Sy Ay Ag AX A 
\ \ » 
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A Famous Name 
in Communications 
Now Solving 
Problems in the 
Control Industry 


AELLOGG.,,.. 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
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A Division of International Telephone and Telegraph Corporation 
Sales Offices: 79 West Monroe Street, Chicago 3, Illinois 


ENGINEERING 


FEEDBACK 


can take the sorely needed training? 
One large midwest processing com- 
pany has solved the enigma by putting 
such men on salary. They are then 
no longer grounded by the union re- 
strictions that bind other plant main- 
tenance men. 

Management says this is the union’s 
problem and the union tosses the ball 
right back to management. Neither is 
right. It is a joint problem that must 
be solved cooperatively. Ed. 


Two-timing control 


lo tHe Epiror— 

. . . I believe that Reswick’s 
(ASME) paper is a milestone with 
still undreamed-of implications 
A real major contribution, it opens 
entirely new perspectives of a plant 
which automatically would adjust 
itself to optimum control settings by 
combining with the two time-scale 
(analog computer) technique. 

H. Ziebolz 
Askania Regulator Co. 
Chicago, III. 


Welds us to earth 


lo tHE Eprror— 

I am presently receiving Conrrot 
ENGINEERING each month and would 
like to see some articles in it about 
resistance welding. 

Please tell the editors of Conrrot 
ENGINEERING that it’s nice to read 
about all these new controls that will 
be used on the rocket to the moon 
and other such things to come, but 
please, give us more things about 
everyday problems that we now have 
in industry and process work. 

Russell Staub 
Nashville, Tenn. 


This issue, dealing with production 
process control, should help.—Ed. 


More reactor reaction 


lo tHE Epiror— 

Your April issue carried an article 
on page 20 stating that AMF was 
building the world’s first private re- 
search reactor. This statement brought 
an objection in your June issue from 
Mr. Victor J. Danilov of the Armour 
Research Foundation. 

I would like to remind the editors 





as well as Mr. Danilov that the world’s 
first private research reactor has been 
in operation at North Carolina State 
College since September, 1953. 
H. A. Lamonds 
University of N. C., 
Raleigh 


Venerables don’t have hen’s teeth 


lo tHe Eprror 
Concerning vour discussion of {good 
control engineers being rarer than 
“hen’s teeth” on page 4+ of May issue, 
I suggest that the attitude toward his 
engineers displayed by the employer 
who won't “send the boys next year’ 
has more to do with his labor turn- 
over than does the bulletin board [at 
the IRE conclave in New York]. 
Mervin E. Frank 
Glendale, Cal. 


A mighty fine subject for an edito- 
rial. However, we curb our eager type- 
writer from further comment by : iy- 
ing that all an employer can cally 
offer a control engineer is a Guaran- 
teed Annual Opportunity. A Guaran- 
teed Annual Wage buys groceries for 
him and his progeny, a Guaranteed 
Annual Trip to the IRE meeting keeps 
him in the swim, but it is the oppor- 
tunity to make creative contributions 
that keeps the engineer interested in 
his work year after year. Ed. 


After answering the above, Billi Vannah 
“curbed his eager typewriter” for a GAR 
(Guaranteed Annual Rest) in Maine. 


Oops, we slipped 


To tHe Eprror 
Chat was an interesting letter you 

had (page 6, your June issue) from 

Heinrichs Apparatebau . . . the most 

interesting one I’ve seen since General 

Electric was promoted from Pfc. 
Stanley Metalitz 
College Park, Md. 


And this letter is from a technical 
writer, a colleague. His sharp eyes will 
prod our managing editor to brush up 
on his German. One could also have 
mentioned General Controls, Sargent 
and Co., Admiral Corp(s), and Major 
Electronics—lots of brass. Ed. 


Kellogg provides 
custom assembled relays 


for industry 


DAR NEN ar ese oe ORR LSTA TI 


SPECIFICATIONS 


COIL—Single or double wound. 

ARMATURE—Frictionless armature travel. 
Both knife edge and hinged 
pivots. 

OPERATING VOLTAGE—Up to 115 
volts, D.C. 

OPERATING TIME—From 2 to 30 
milliseconds. 

RELEASE TIME—From 5 to 50 
milliseconds. 

RESIDUAL—Fixed (clip) or adjustable 
(lock screw). 

CONTACTS—Twin bar-dome type 
palladium contacts. 

CONTACT ASSEMBLY—Forms A to D. 
Maximum of 16 A’‘s, 14 B’s, 
10 C’s, 10 D’s or any equivalent 
combination of these contacts. 

MOUNTING—Two No. 8-32 tapped 
holes in heelpiece allow 
versatile mounting. 


Wetoce.,,.. 


A famous name in communications 
now solving problems 
in the control industry 


COMPANY_—__ 
ADDRESS___ 


CITY. 





KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
79 West Monroe Street, Chicago 3, Illinois 


CT Please have representative coll. 


C] Please send detailed Relay information. 


ik 


General Purpose Telephone Type 
At Stock Prices 
Life Expectancy— 
Over 100 Million Operations 
1710 Contact Spring Combinations 
100 Stock Coils Available 
Precious Metal Contacts— 
Palladium or Gold Alloy 

¢ Delivery 20 to 45 Days 


Variations of Relays available 
at Kellogg: 
TIME DELAY RELAYS 
TWIN RELAY—2 relays in space of one 
SNAP ACTION RELAY 
MULTI-CONTACT RELAY 
PLUG-IN RELAY 


INDUSTRIAL SALES DEPARTMENT 
KELLOGG SWITCHBOARD AND SUPPLY CO. 
A Division of International Telephone and Telegraph Corporation 
Sales Offices: 79 West Monroe Street 
CHICAGO 3, ILLINOIS 


Dept. 72-1 


om 
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Here’s a true story of how data-handling automa- 
tion can save real dollars. The data-handling system 
shown, right, was installed by Convair’s Ft. Worth, 
Texas, division. In just two weeks... during a single 
series of pressure measurements . . . Convair saved 
a substantial portion of the entire system cost! The 
saving in time was even more impressive. Tab- 
ulated test data reached design engineers just 48 
HOURS after the wind-tunnel tests, a striking con- 
trast to the 45 days previously required for reduc- 
ing hundreds of manometer-tube photographs. 

Perhaps wind-tunnel data reduction isn’t of par- 
ticular interest to you. But whatever your problem, 
if it involves data, it will pay you to learn how CEC 
systems engineering can make the handling of that 
data more accurate, faster, less expensive. Send 
today for Bulletin CEC 1304-X18. 


Process 


DV 7al-taaliom-tale: 


Static testing 


Two of four identical 50-channel units comprising system 


.. Automatically measures, digitizes and 


records output from 200 pressure pickups. 


... Reads out digital pressure values at a rate of 


Specifically, this is what 
the custom-designed Convair 
data-processing system does 

once the “start” switch 
is pressed... 


Systems Division 


200 points in 2-minute period. 


.. Operates at an overall system accuracy of 0.75% of 


full-scale pressure, including errors in transducers. 


..- Automatically compensates for residual bridge 


unbalance in each of the 200 channels. 


..Controls calibration factor on all channels independently. 


..Punches out on paper tape and tabulates in numerical 


typewritten format the results of all 200 pressure 
measurements. 


Consolidated Engineering Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


300 N. Sierra Madre Villa, Pasadena 15, Calif. 
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Sales and Service Offices Located in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, 
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a 
CONTROL 
PERSONALITY 


WALDO KLIEVER 
closes a gap 


Twenty-five years ago, when control engineering 
was a fledgling known mainly as “instrumentation”, 
a zealous young chemist started a campaign. His 
purpose: “to close the gap between what we know 
and what we use.” His method: developing useful 
devices to apply the knowledge. His name: Waldo 
H. Kliever, now Vice President and Director of 
Instrument Development for Clevite-Brush Devel- 
opment Co. 

Tracing Dr. Kliever’s efforts over the years is a 
liberal education in growth of the art—and in closing 
the gap between measurement (what we know) and 
control (what we use). During his eight years with 
Gaertner Scientific Corp. in Chicago he focused on 
the primary problem—measurement. Some of his 
contributions at that time include spectrographs, 
polariscopes, infrared spectrometers. Then, for two 
years he went into the field for the Department of 
Agriculture to apply Lord Kelvin’s famous credo* 
to cotton. His ginning stroboscope was a great stride 
towards controlling this crop. 


From Cotton Fields to Feedback 


Waldo Kliever got his PhD in physics from the 
University of Chicago in 1939 and then headed 
north to Minneapolis to become Chief Physicist for 
Minneapolis-Honeywell Regulator Co. Five years 
later—after organizing a General Research Labora- 
tory—Dr. Kliever was made Research Director and 
became responsible for much of Honeywell’s valu- 
able contribution to the war effort. Honeywell 
and its Research Director grew apace. From simple 
closed-loop systems for heating and combustion con- 
trol he went on to develop autopilots, automatic 
landing devices for aircraft, bombing computers, 
and the pioneer servo systems used in these appli- 
cations. The gap was closing for Waldo Kliever. He 
helped to forge, from the precise physics of measure- 
ment, some of the first practical examples of modern 
feedback science. 


Rechannels Vitality at Home 


Kliever at home rivals Kliever at work in interest 
and activity. He and his wife, Mary, are music en- 


* “What can be measured, can be controlled.” 


Dr. Waldo Kliever likes new products—but only if they fill an 
evolutionary need in industry. Many of his developments have 
been milestones in the growth of control engineering. 


thusiasts and his violin often joins her piano, with 
the family choraling in the background. But more 
often he spins an item in his fine record collection 
on a hi-fi installation—Kliever-designed and Kliever 
installed and the envy of visiting audio-engineers. 
Some of his other wide-ranging interests: furniture 
building; electronic toys; coaching small boys in the 
use of same; a prime and articulate awareness of 
world politics. 

At Clevite-Brush Waldo Kliever seized an oppor 
tunity to exploit his energetic flair for administration 
and his intuitive knowledge of the needs and lacks 
of modern industry. But despite his heavy adminis- 
trative load, the zealous campaigner of twenty-five 
years ago is far from latent in Waldo. Witness his 
perceptive report on a new approach to automatic 
machinery control on page 112 of this issue of 
ControL ENGINEERING. This opus—and a parallel 
article carried in the new edition of the Encyclopedia 
Britannica—are simply additional signs that Waldo 
Kliever will continue to close the gap between meas- 
urement and control wherever it exists. 
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WHAT'S NEW 


ment to and from machine tools—was the theme at Margate. 


PROCESS CONTROL—mainly the use of instruments to 


measure and feed back on a process—held sway in London. 


Production-Process Control Gets 


A BRITISH PREVIEW 


A rich foretaste of what may soon 
occur in America (see Editor's Box 
below) took place in Britain early this 
summer when the Institute of Pro- 
duction Engineers met in Margate to 
discuss the “automatic factory”, and 
the British Instrument Industries 
gathered a fortnight later in London 
to show its wares for measurement 
and control. 

The similarity began with Ameri- 
can-type weather: England sweltered 
under the worst heat wave—and best 
summer—in years. It continued with 
inventiveness: U.K.’s varied control 
gadgetry—product of only 200 makers 
—held up well against U.S. ingenuity 
in this area. And it ended with 
a rather remarkable demonstration by 
the British press (see cuts that fol- 
low) that could well challenge Amer- 


son of Ferranti, Ltd., tackled the sub- 
ject of computer and feedback control 
of machine tools. His special project: 
a servo operated machine table and 
position feedback using an optical 
grating and directional discriminator. 

Monsieur P. Bezier of France’s Re- 
nault factory was right in tune with 
the broad interests of the audience. 
He described the three principle forms 
of automatic transfer used in his plant: 
rotary machines with vertical or hori- 
zontal indexing, and the more com- 
mon linear transfer units. Bezier stated 
that 200 special machines—replacing 
1,000 standard assemblies—and 3,400 


workers produce all the parts for the 
600 Renaults turned out daily. 

But in the exhibit hall at Margate 
there were signs that British automa- 
tion will soon surge beyond simple 
transfer techniques. Some samples: 
PA binary-coded automatic electric 
micrometer by Hilger & Watts, Ltd., 
which positions to 0.0005 cm. 
> A scanner for ultrasonic flaw detec- 
tion by Kelvin & Hughes, Ltd. 

Pm An automatic multidimension in 
spector by Sigma Instruments, Ltd. 


Control in London 
Lord Halsbury, a key speaker at 





And a Magazine’s Preview Too .. . 


Like Britain, the U. S. will soon hold two major technical conclaves 
on industry’s stake in automatic control: the Production Engineering 
Show in Chicago, Sept. 6-16, and the Instruments Exposition in Los 
Angeles, Sept. 10-16. The former is the first coordinated display of 
devices and techniques for the control of production and machining 
operations. The latter is the 10th annual conference and exhibit to 
be held by the Instrument Society of America—and its accent will be 
strongly on industrial process control. 

This issue of Conrrot. ENGINEERING—as its cover and contents 
page indicate—acts as a communications link between these two great 
technical meetings by editorially viewing the fundamental science of 
automatic control as it applies to both machines and fluid materials 
in process. 


ica’s most ebullient journalists. 


Automation in Margate 


At Margate eleven hundred engi- 
neering and management men began 
on June 16 a long weekend of talking 
“automation” and studying a display 
of machine tool equipment. As in 
comparable American sessions, the 
“social and economic consequences of 
automation” got a thorough going- 
over. But the clear thinking British 
threw in some solid’ engineering as 


—THE EDITORS 
well. For example, D. T. William- 
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SOME OF THE 
EQUIPMENT . . . 


Margate, etched the meeting’s limita- 
tions when he defined the principal 
branches of automation as_ transfe1 
machining, mechanical assembly, con- 
trol engineering, and communications 
cngineermg.” There was no doubt that 
much of the Margate conference was 
restricted to the first two. And that 
the Instrument Exhibition which fol- 
lowed ten days later in London 
dwelled more on ways and means to 
close the control loop. 

Technical papers played a minor 
role in the big London affair. Only 
ten were heard. But the subjects were 
meaty: “Open Hearth Furnace Con 
trol”; “Fuel Efficiency by Measure- 
ment and Control”; “‘Instrumentation 
and Nuclear Energy”. 

The products in the 200-odd 
booths in spacious, Earl’s Court really 
pointed up the theme of control and 
communication. One of the continu- 
ously packed spaces held Elliot’s new 
40% electronic digital computer. The 
visiting engineers were fascinated by 
these specifics: digit rate—333,000 per 
sec; digit time—3 microsec; word 
length—34_ digits; word time—102 
microsec; addition, subtraction—204 
microsec; multiplication, division— 
3.3 millisec; immediate access memory 

15-word nickel delay line registers; 
main memory—23-track magnetic 
drum holding 2,944 words with mean 
access time of 6.5 microsecs. 

Other crowd-pleasing exhibits: 
> Baird & Tatlock’s automatic chemi- 
cal analyzer, which doled, sequenced, 
mixed, tested, checked, and recorded 
the steps of a reaction, then cleaned 
itself. 

P Fielden Electronic’s 50-point plant 
process monitor, which operated a 
model sand loading plant. 

> Solartron Electronic’s transfer func- 
tion analyzer, almost obscured by 
“dogfight” enthusiasts around the 
company’s radar flight simulator. The 
inalyzer will test servos under non- 
linear conditions to within 0.1 cps. 
> The Department of Scientific and 
Industrial Research’s gadget that uses 
alpha radiation to take static electricitv 
off textiles. DSIR also featured a dua! 
decimal shaft position digitizer fitted 
inside an ordinary self-balancing po- 
tentiometer for data recording and 
analysis. Most DSIR exhibits were 
developed by industry under contract. 


Sound and Fury by the Press 


Although the two control confer- 


«<«dquaa 





ANALYZING panel did everything COMPUTER was kept in action 





... AND SOME 
OF THE 
JOURNALISTIC 
FEEDBACK 


Courtesy London’s “Daily Mirror’ ) 
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ences were run off with usual British 
business decorum, there seemed to 
be enough spark to ignite an explosive 
effort on the part of less decorous na- 
tive journalists. As Conrrot ENc1- 
NEERING’S disturbed London corre- 
spondent wrote, “They (the confer- 
ences) were enough to sweep crime, 
sex, and disaster from the headlines 
of the more ‘lively’ dailies, with front 
and center pages given over to the 
imminent catastrophic disruption of 
social evolution occasioned by the au- 
tomatic factory—run, it was explained, 
by a bunch of button pushers and 
possibly a janitor.” 

Will the British people, her legis- 
lators, civic leaders, and union ofh- 
cials, subtly or otherwise absorb this 
alarmist view? Our correspondent 
continues, “Britain is _ particularly 
sensitive and scared of the effects of 
automation. She had the bitter task 
of sorting out the social havoc caused 
by the steam engine in the last cen- 
tury. Ever since, she has suspected 
the advent of mechanized aids to pro- 
duction—either because they get peo- 
ple out of work or they derate the 
status of craftsmanship. You are bat- 
ting a tough wicket when you talk to 
the British working man about the 
need to export at competitive prices.” 

The American parallel to Britain’s 
“automation crisis” is undeniably 
there. What kind of wicket will our 
contro] makers and industry be bat- 
ting, should our press sail off and 
gang up on a new and promising tech- 
nology two weeks from Labor Day? 
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DATA PROCESSING DOINGS 


Telemeters Tunnel Tolls 





It costs money to slip into busy 
Manhattan Island through one of its 
sleek new tunnels or handsome express 
bridges. Sheer gravy for the city, you 
say. But ’tain’t so. And one of the 
reasons is the money that goes into 
the paper and people needed to keep 
track of you. Their weight alone is 
more than a half day of commuters 
(without cars). 

Some quiet work at the entrance to 
the Queens Midtown Tunnel may 
soon quell a cumbersome situation, 
streamline traffic, and bring in more 
tolls than dog license fees in canine- 
ridden New York. The center of 
this unassuming job is a data process- 


ing system designed by Taller & 
Cooper and the engineering staffs of 
the Triborough Bridge and Tunnel 
Authority. 

All cash registers and traffic count- 
ers at each tunnel entrance are now 
coupled—through a single pair of tele- 
phone wires—to the administration 
headquarters on Randall’s Island. As 

fee is accepted and punched, and 
is a vehicle passes over the treadle, 
this information is converted into an 
impulse code specific to the traffic 
lane. In the office the incoming pulses 
are unshuffled and decoded and 
printed out as a summary on mag- 
netic and teletype tape. In the near 
future they will be channeled into a 
UNIVAC, along with tunnel oper- 


ating costs, and statistically analyzed. 


IDP Links Sylvania Empire 





Integrated Data Processing is West- 
ern Union’s description of the data- 
pulse bonanza that has come its way 
now that centralized inventory con- 
trol is sprouting in industry. The 
telegraph company recently signed its 
biggest contract in this new field: 
nationwide, 12,000-pulse-carrying net- 
work linking 51 cities with Sylvania 
Products’ data processing center at 
Camillus, N. Y. Construction has just 
started on the Sylvania facility, sched- 
uled to begin partial operation next 
February. It will employ a UNIVAC 


in summarizing information. 
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WHAT’S 


Men of the project group around the “Binotrol” console 
and the machine it controls. From | to r: Frothingham 
and Ensor (Barnes); Nichols and Smith (J & L). 


TAPE IS CHECKED... 


AND NOW FOR THE 
DRY RUN... 


There was a fair amount of drama 
in Springfield on July 28. After two 
busy years—and much planning be- 
fore—] & L and Barnes were about 
ready to let the public see their 
combined effort. But it all depended 
on a successful “dry-run” of a com- 
plex program. Study the faces in 
the group on the right—especially 
Frothingham’s confident grin—to 
get an idea of how things worked 
out. You'll see it in Chicago. 


22 CONTROL 


ENGINEERING 


DIGITS LINKED TO FEEDBACK 
TAKE TWO MAJOR STRIDES IN 


Production— 


IN VERMONT: a digital directed, hydraulic- 
servo-positioned turret lathe was quietly put 
through its paces before its Chicago unveil- 
ing Sept. 6. Its performance and price are 


SPRINGFIELD, Vt., July 28— 
Two years of intense cooperative de- 
velopment by machine-tool maker 
Jones & Lamson and control experts 
of Barnes Engineering Co. were 
crowned this day when an unmanned 
turret lathe in J & L’s main plant un- 
cannily fashioned a small but intricate 
shaft—‘‘passkey”’ to the automatically 
controlled lathe appearing at the Ma- 
chine Tool Show early in September. 

The lathe, a standard J & L saddle 
type, was equipped with a digital tape 
control system by the Stamford, Conn. 
engineering firm. Some of its features— 
Pa 4-cu-ft console guides piece size, 
feed, dwell, index, and interlock 
P the piece is “digitized” on a Milar 
belt direct from drawings 
> there is fast approach in start up and 
in phases between critical finishes 
Pan overload drive releases automati- 
cally, should programmer err. 

Briefly, the command signals are 
picked off the tape by IBM brushes 
and passed through a “distributor” to 
the indicated address—be it carriage, 
x-slide, saddle, or accessory. A 4-chan- 
nel binary coded disc then measures 
ingular increment of the leadscrew 


bound to create quite a ripple among control 
engineers as well as production people. 


for the addressed motion. Error, still 
digital, goes to a comparator, and a 
Vectrol servos the screws to com- 
mand position. Motion of the screws 
controls the J & L hydraulic-servos, 
which do the positioning on the lathe. 
The program followed in the test 
will be duplicated by the system when 
it goes on display in Chicago. ‘The 
piece made was a small shaft with six 
separate diameters, all with undercuts 
under the shoulders. This required 
92 separate commands, including in 
dexing a turret head in front of the 
main cutting tool. The piece was made 
in 9 min and the hope was to get this 
down to 7 by better programming. 


A Working Preview 


On page 112 of this issue Waldo 
Kliever’s survey indicates how fast 
machine control is advancing. The 
J & L-Barnes development is a vivid 
example. It applies to a run-of-mill 
type tool—a “bread and butter’ appli- 
cation, J & L’s Dave Smith calls it. 
It demonstrates that you need not 
have a whole roomful of electronic 
equipment to automatically run a 
machine tool. 





POINT-AUX-TREMBLES, Mont- 
real, July 26—Just about the time that 
control engineers convene in Los 
Angeles for the annual Instrument 
Show (Sept. 12-16), a striking example 
of many of its most advanced ideas 
will go into operation far across the 
continent. For Canada’s nearly com- 
pleted 20,000 bbl per day Petrofina 
refinery is a show in itself—in fact, will 
use items displayed for the first time 
in the City of Angels. A few are— 
P a tiled, 75-ft control house with 126 
ft of color graphics of the process 
> complete data processing, with speed 
scanners and a 480 pt logger 
P all-electronic control loops using a 
new, fast, electrohydraulic valve 
P digitized temperature, flow, and 
pressure right on the panelboard 

Manning, Maxwell, & Moore, and 
Foxboro were selected for most of the 
graphic components. MM&M Micro- 
sen dc transmitters and converters are 
used out in the process, while the 
plant pioneers this company’s spank- 
ing new electrically actuated valve (see 
p. 145 New Products). Panellit, Inc. 
did the handsome colorgraphic job. 


ELECTROHYDRAULIC VALVES-—the 
remaining link in an all-electronic loop— 
control level in vapor recovery towers. 


IN MONTREAL: 


perhaps the 


most completely automatic proc- 
essing plant in the world was 
speedily nearing its ‘‘on-stream” 
day. Its 126-ft graphic panel, 
data processing system, and all- 
electronic loops include several 
noteworthy “‘firsts’’. 


~ The nine production units of Canadian Petrofina string out 
up to 1,000 ft behind the small white control house. 


Metrotype furnished digital scanner 
consoles that convert clectrically coded 
incoming signals to digits and alert the 
operator when a point goes astray. And 
Fischer & Porter will soon install its 
Automatic Logger to print out and 
analyze all variables—see Monitor 
survey, page 80, for details. 


A Near-Optimized Process 


On page 123 of this issue E. W. 
Silvertooth describes how several new 
“tools” will bring the optimized proc- 
ess plant to reality. Every one of these 
tools will be used at Petrofina. Only 
a step remains: equating the process. 

The Lummis Co.—contractor for 
the desulfurizer, Houdry unit, and 
vapor recovery section—and its top 
control engineer, Ward O’Conner, 
have been prime movers in selecting 
most of the unusual control techni- 
ques. Also very much involved: Baron 
P. de Haulleville, a dynamic Belgium 
engineer assigned by the parent firm, 
Compagnia Financiere Belge de 
Petroles, to expedite the construction. 
The Baron will give more details on 
the plant in a forthcoming article. 
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DIGITAL DISPLAY of temperatures in 
desulfurizer catalytic beds appears in glow- 
ing filaments above each panel bed. 
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AND SCAN-CONSOLES... 
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INFORMATION FUNNEL for 70 points 
is this process-located slave switch, which 
connects to the panel via only two wires. 
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F&P Turbine Flow Meter 


New F&P Turbine Flow Meter 


Wide Range . . . High Accuracy 


The F&P Turbine Flow Meter is a true volumetric flow 
meter the measurements of which can be converted to mass 
flow. The fluid-driven rotor rotates at a speed directly 
proportional to the velocity, and the magnetic blades 
produce as many pulses per revolution as there are blades. 
Pulse output can be fed to a converter, indicators and 
counters to provide indication of rate or integrated flow. 
Inherent accuracy of the primary element permits 14 of 1% 
of rate over a wide range of flows. 


e Unaffected by piping configuration 


wuist 


» 1 i i 
ore Ten Maximum output is 600 cps 


yaw 


Flow ranges as high as 20:1 


Sizes available 14 in. through 2 in. 
—.6 gpm through 210 gpm 


Write for your free copy of Catalog 
10-C-20, which gives complete informa- 
tion about this new precision meter. 


FISCHER & PORTER COMPANY | cenvsices onsen" 


Data reduction and automation systems 


COUNTY LINE ROAD e HATBORO 3, PA. Chlorination equipment 


Industrial glass products 
Sales offices in 32 American cities and in principal cities abroad 
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Around the 
Business Loop 


In the control industry in the past 
weeks there was a stirring among the 
giants. And as is characteristic of 
giants when they move, the strides 
were not small. Two, Beckman In- 
struments, Inc., and Norden-Ketay, 
reached out to bring new principali- 
ties into their well-rounded control 
domains. Others, like Westinghouse 
and Du Mont, built telling new ad- 
ditions in their own provinces. 

And one, Daystrom, Inc., put an 
examining glass on a vital part of 
control _technology—electronics—and 
issued a forecast. 

Among those that reached out 
> Beckman Instruments—which, with 
the acquisition of Liston-Becker In- 
strument Co., complements its fam- 
ily of analytical and measuring tools 
with a fine line of infrared gas analyz- 
ers and specialized electronic ampli- 
fiers. L-B’s founder, Max D. Liston, 
stays on with the organization to man- 
age operations. 
> Norden-Ketay—to whose servo com- 
ponents, computers, and control in 
struments and systems have been 
added the precision laboratory and 
testing equipment of Scientific Spe- 
cialties Corp. The 20,000 sq ft fa- 
cility, out of which has come, tor 
instance, a microammeter that meas- 
ures a thousandth of a millionth of a 
millionth of an ampere, continues as 
a subsidiary. Its sole right to Ameri- 
can distribution of several foreign-made 
instruments came along in the deal. 
This incidentally, does not end Nor- 
den-Ketay’s claim to being a producer 
of hot news (see other news item). 

Those that expanded at home: 
> Westinghouse Electric Corp—which 
in Cheswick, Pa., on July 14 unveiled 
the world’s first privately-financed fac- 
tory designed to produce parts for 
atomic power plants. “Canned” mo- 
tor pumps for radioactive fluids will 
be tested right in the factory in a 
$40,000 high-pressure “proving 
ground” or “‘test loop’, the largest of 
its kind. It’s able to take on pumps 
up to 134 tons. And under the same 
roof is an instrumentation laboratory 
for development of reactor equipment 
and control. 


> Du Mont—which has gone into pro- 
duction of industrial electronics with 
the verve that marked its leadership 
in the consumer electronics field. A 
new Technical Products Div., headed 
by Dr. P. S. Christaldi, will manu- 
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C—] ammeter and millivoltmeter readings for 


AC takes the guesswork out of milli- 

















even the most inexperienced personnel 























. « » @ new precision-built production testing 
instrument of the highest quality, accurate 
QUALITY enough for laboratory use! 
PRODUCTS 





Even a novice can read the digital scale of the new 
AC Auto Count with complete accuracy. 


And, the Auto Count itself has all the accuracy of 
a precision-built laboratory unit. In fact, this és a 
laboratory and test instrument of the highest quality 
with a wide variety of uses in many fields of electrical 
testing and quality control. 


It’s small, compact, portable! 


Yet, plug-in shunts permit measurement of current 
from as low as 1 milliampere full-scale range upward. 





An engineering folder containing CGM And, plug-in multipliers extend voltage range with- 


complete information about the AC 


out disturbing the basic accuracy of the instrument. 
Auto Count will be sent upon request. 


AC SPARK PLUG DIVISION, THE ELECTRONICS DIVISION OF GENERAL MOTORS CORPORATION 
FLINT, MICHIGAN 
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as sail a 
the tube 
it cools... 
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ACTUAL SIZE 


CENTRIFUGAL 
BLOWER 


Here is the most compact centrifugal blower unit 
made... EAD’s high-velocity subminiature centrifugal 
blower is only 2%” long, weighs only 6 ounces, yet it can 
move 13 cfm of air at a velocity of 3,000 feet per minute— 
and the volume holds up at high static pressures. It is 
driven by EAD’s new one-inch diameter motor. The metal 
blower housing can be rotated to any position desired 

for maximum efficiency in cooling radar equipment, 
amplifier units, transmitter equipment, oscillators, and in 
other applications where high temperatures in confined 
areas demand miniaturized blowers with the highest 
possible performance characteristics. EAD’s subminiature 
blower units meet all applicable MIL specification, and 

low temperature rise makes them suitable for high altitude 
and high ambient temperature operation. 





13 @ O” SP 7 @ O” SP 


CFM 10 @ 1.0” SP 5 @ 2” SP 





MAX. SP. 2.5 0.6 





RPM 20,000 11,000 





AMPS 0.1 0.06 





WATTS 10.0 6.0 Modifications of 





standard models or 


CAPACITOR 
completely new 


Mfd/Volts 0.25/220 0.1/220 





designs can be 
engineered to meet 
your special cooling 


WEIGHT 
(OUNCES) 6 é 








needs. Write for 


MODEL NO. B2GOU-C B2HOU-C complete information. 














EASTERN AIR DEVICES 1w0 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 
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INDUCTION MOTORS CENTRIFUGAL BLOWERS TACHOMETER GENERATORS FANS ALTERNATORS GEAR MOTORS 


375 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE 
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facture and sell items formerly han 
dled by the Instrument and Com 
munication Products Div., and will go 
after a healthy chunk of business in 
the automatic components and _sys- 
tems field. Vice-president Irving G. 
Rosenberg is in charge of over-all 
administration. 

> Assembly Products, Inc.—which is 
building new facilities near Palm 
Springs, Calif., for its exclusive manu 
facture of contact meter-relays. By 
the first of this month several little 
buildings, “climate controlled” for the 
tvpe of work that will be done in 
them, will have risen out of the desert, 
and by January, 1956, one or more 
models of improved meter-relays for 
supersonic air speeds will be ready for 
mass production. 


John Saint-Amour William Hotine 


Back east, Assembly Products’ Ches- 
terland, Ohio plant is operating at 
near maximum capacity under John 
Saint-Amour, vice-president and gen- 
eral manager. His counterpart in 
California will be William Hotine, 
who comes from Fairchild Camera 
Co. as manager of research and de 
velopment. 
> Bendix Aviation Corp.—whose Radio 
Div. is putting up a $20 million engi- 
neering building in Baltimore’s Tow 
son suburb. When completed in July, 
1956, the two-story modular-type 
structure will accommodate 500 em- 
ployees, who will do research and 
development on commercial and mili- 
tary radar and other communications 
and navigation devices. Need for 
more of this type of engineering tal- 
ent, says Vice-president Edward K. 
Foster, has been prompted by “ex- 
panding activities in many phases of 
the electronic art”. 
> Motorola—which has followed up 
two years of pilot plant production 
of transistors in Phoenix, Ariz., with 
a separate $14 million transistor fa- 
cility in that city. 
> Potter Instrument Co.—which has 
expanded into a new building in 
Great Neck, N. Y., where its Magnis- 
tor line of electronic memory devices, 
as well as large data handling systems, 
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BORG 900 SERIES 3-TURN AND 10-TURN MICROPOTS 


3-TURN MODELS 931-935 10-TURN MODELS 901-903 
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SYNCHRONOUS AND INDUCTION BORG-MOTORS 


1000 SERIES 2 POLE AND 4 POLE MODELS 
With and Without Gear Trains 

These Borg-Motors were designed specifically for in- 

strumentation, control and timing devices. They are 

recommended for all applications where low torque, 

constant speed and long life are positive requirements. 


For Complete Engineering re 
a 


S E R Vv oO Cc oO N T R re) L ATTACH TO YOUR LETTERHEAD 
Borg-Motors 

Two phase, 115 volt, 400 cps in- 
duction type Borg-Motors for 
servo control applications. Ap- 
proximate size 114” diameter x 2” 
long with a locked rotor torque 
of 0.82 ounce-inch. 


BORG EQUIPMENT DIVISION 
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BUWMA 


INSTRUMENT... 


Precision Miniature Speed 
cer, available in standard 
r s from 13:1 to 4000:1. . 


107U Universal Gear Traini i. 
features 20 common ratio 
satisfy most laboratory ne@ps. 








with return to 0°. Revers- 
operation. 


1384-GH Servo Motor r 
Head, meets MIL-E-5272- 
4 


1 Angle Counter, indicates 
ular increments from 0° to 
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quirements. Adapts to M 
or equivalent motors. 








Design and production of custom 
electromechanical assemblies 
are Bowmar’s prime functions. 
Due to wide customer accept- 
ance, many such assemblies— 
and modifications of them—have 
been standardized and cata- 
logued for quantity production. 
Data on the representative 
group illustrated above and on 
parallel services and products 
will be sent on request. There 
is a Bowmar representative in 
most major cities, 


FREE CATALOG, 


(owmer INSTRUMENT CORP. 


2315 PENNSYLVANIA STREET 
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will be produced in expanding amounts. 

And the one that issued a forecast— 
> Addressing the annual meeting of 
shareholders in Elizabeth, N. J., Day- 
strom’s President Thomas Roy Jones 
predicted that the electronics market 
would reach $20 billion a year by 
1965. Daystrom is working on the 
incorporation of electronic and atomic 
instruments into complete control sys- 
tems. It has an acquisitive eye, he 
said, on several concerns in the con- 
trol field. 

Several control makers have taken 
a first or follow-up step into interna- 
tional business: 
> Norden-Ketay (see above) has 
formed Ketay Limited, which will fur- 
nish Europe’s largest producer of elec- 
tronic components with information 
on engineering, design, and manufac- 
ture of synchro and servo mechanisms. 
Norden-Ketay chose this manufac- 
turer, Plessey Co., Ltd., of England, 
after some deliberation. It will pool 
its know-how with Plessev’s manu- 
facturing facilities and 15,000 em- 
ployees for production for the first 
time in Europe of these components. 
> Panellit, Inc., has formed a Cana- 
dian affiliate in Toronto. Panellit of 
Canada will specialize in the engineer- 
ing, design, and manufacture of in- 
dustrial control systems, graphic and 
control instrument panels, and inform- 
ation systems. T. A. Hislop, formerly 
with Canadian Industries, Ltd., is 
chief engineer. 
> Electronics Corp. of America also 
settled on Toronto in its plunge across 
the border. Its Canadian develop- 
ment: Electronics Corp. of America 
(Canada) Ltd., which will handle Ca- 
nadian operations of the Photoswitch, 
Combustion Control, and Fireye Divs. 
James S. Carlile, who has been super- 
vising ECA sales in Canada, will be 
general manager of the new corpora- 
tion. 
> London, England, will be the site 
of the first overseas sales office in 
Ampex Corp.’s move to expand busi- 
ness outside the U. S. Behind this 
office, and others to follow, is a new 
division, Ampex International. Man- 
aging director is T. Kelvin Mallen, 
vice-chairman of the board, and di- 
rector is Harrison Johnston, formerly 
general sales manager. Ampex is 
looking into the advisability of over- 
seas manufacturing. 
> The Foxboro Co. has given a new 
Japanese associate the go-ahead to 
manufacture and sell its entire line. 
The Yokogawa Electric Works in 
Tokyo thus joins plants in London 
and Montreal in the manufacture of 
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SIMPLE, TROUBLEFREE, OPERATION 


The Foxboro Magnetic Flow Meter operates 
on the same principle as a power generator. 
A magnetic field (A) is maintained through 
a standard pipe section (B) of stainless steel 
or other non-magnetic material. This pipe 
section is lined with Kel-F® or other insulat- 
ing material. Liquid passing through pipe 
acts as moving conductor, generating an 
electric voltage which varies in proportion 
to liquid’s average velocity. Flush electrodes 
(C) in pipe wall “pick up” this voltage which 
is recorded in desired flow units by Dynalog 
Electronic Recorder or Controller. 


HE FOXBORO 


FACTORIES 


COMPANY, 369 NORFOLK ST, 


UNITED 


@ Adds no pressure drop — 
nothing inside pipe to interfere 
with fluid flow. 

®@ Measures fluid velocity directly. 

® Overall accuracy better than 
1% of range over entire scale. 

® Uniform flow scale. 

@ Full accuracy sustained even on 
liquids other meters can’t handle: 
viscous, corrosive, or pulpy — 
even sand-water slurries. 

e@ Easy range change — either by 
Multi-Point Switch or range coil 
replacement, as preferred. 

@ 2” to 8” sizes standard — larger 
sizes as required. 
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FOXBORO 
MAGNETIC 
FLOW METER 


This premium-performance meter measures magnetically the flow 
rate of virtually any liquid except hydrocarbons. It completely ignores 
such common metering headaches as turbulence, suspended solids, 
and variations in conductivity, density, and viscosity. It even 
measures reversing flows. 

Installation is simple. The magnetic spool piece connects into the 
line like any equivalent length of pipe — no seals, purges, meter 
runs, or straightening vanes required. Connects by 2-conductor cable 
to remote Dynalog Electronic Flow Recorder. 

Maintenance is practically eliminated. There are no pressure taps 
to become plugged or frozen, no working parts to foul. 

Foxboro Magnetic Flow Meters are already in use on such widely 
different liquids as beer, sand-and-water, rosin size, rock-and-acid 
slurry, viscose, and highly corrosive liquid detergent. Find out how 
this precise, troublefree flow meter can help your processing. Write 
for complete details. 


FOXBORO, MASS. 


Foremost in 
FLOW METERING 


STATES, CANADA, AND ENGLAND 
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CDC Automation Engineer using the analog com- 
tor to study a control system in the design stage. 


Good instrumentation is a result 
of the practical understanding 
of unit process operations and 
how they can be best engineered 
for tomorrow’s automation. 

You can realize your automa- 
tion objectives through CDC 
Control Services, Inc., a group of 
advanced specialists in automatic 
control application. Backed by 
broad practical experience and 
special laboratory facilities for 
the evaluation of control com- 
ponents, CDC concerns itself 
only with the end result desired 
by its management-client. 

Use CDC, one organization— 
one contract—to produce a con- 
trol system that is guaranteed to | 
meet your specifications. 

Write for your copy of the in- | 
formative brochure “A Proposal 
for Managements with Vision”. 


uto 


saat services. 


400 S. Warminster Road 





Hatboro, Pennsylvania 
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instruments identical to those made 
by the Massachusetts company. 

> Export representatives in 19 coun- 
tries have been appointed by Consoli- 
dated Engineering Corp. The interna- 
tional network, Export Manager C. J. 
Underwood predicts, will bring a 100 
per cent increase in Consolidated’s 
export sales. 


Important Moves 
by Key People 


P Vickers, Inc., has raised Kenneth 
R. Herman to president, Dr. N. E. 
Edlefson to vice-president for engi- 
neering, and Harry F. Vickers to vice- 
chairman of the board. Herman, 
formerly vice-president and general 
manager, and Vickers, founder of the 
company, are vice-president and presi- 
dent, respectively, of Sperry-Rand, the 
parent corporation. Edlefs'n comes 
to Vickers from North American 
Aviation, where he was director of the 
Electro-mechanical Engineering Dept. 
PSucceeding Edlefson at North 
American Aviation is John R. Moore, 
formerly assistant director of the de- 
partment, which is working on auto- 
matic guidance and flight and _ fire 
control systems, autopilots, radar, 
and instrumentation for missiles and 
aircraft. Moore’s new assistant is Dr. 


Vickers’ Edlefson 


Arthur C. Ruge 


Viking’s Martin 


Robert M. Ashby, who has been chief 
of the flight and fire contro] section: 
> Ken R. Gerlach brings a wealth of 
experience in precision motor-gener- 
ator equipment to Bogue Electric 
Mfg. Co., which has appointed him 
executive vice-president. Gerlach most 
recently was with Sperry Gyroscope 
Co., where he rounded out 25 years 
in the electrical and instrument in- 
dustries. 

> Dr. Arthur C. Ruge, who in 1944, 
with the late Prof. A. V. deForest of 
MI7, formed Ruge-deForest, Inc., 
has established Arthur C. Ruge As- 
sociates. Its organization follows the 
sale of Ruge-deForest to Baldwin- 
Lima-Hamilton Corp. Under Ruge, 
an authority in fine wire technology, 
the new company will continue to 
manufacture and sell elements of the 
RdF Stikon resistance thermometer, 
which was produced by Ruge-deForest 
before its sale. Ruge, who had been 
its president, has been taken on by 
B-L-H as engineering consultant. 

> Devereaux Martin will direct de 
velopment and research in electronic 
devices and controls for Viking In- 
struments, Inc., as its new vice-presi- 
dent and director of engineering. He 
formerly was assistant to the presi- 
dent of Electronics Corp. of America. 
> Ernest Nuber, who was manager of 
the Application Engineering Dept. of 


N. A.’s J. R. Moore 


Bristol’s Nuber 














| 
AUTOMATIC 
VIBRATORY 
FEEDERS 


| 
v 


LIGHT 
SOURCE 






SCANNER 









PHOTOELECTRIC 
CONTROL 


Automatic 
t Control 
(a 


from the largest Specialists 
in Photoelectric Controls 


~ ASSEMBLY 
MACHINE 











s 


Tx 





SCANNER 











PHOTOELECTRIC 
CONTROL 


JO 














— 
snewers 0 
proved answe 





TROLS 
poTOELECTRIC - 
P 





FREE — important New Catalog 


“Proved Answers to Successful Automa- 
tion” is a brand new 20-page technical 
catalog, giving full specifications, applica- 
tion information and dimension drawings on 
14 versatile ready-to-use Photoswitch Control 
Sets. You will find it an important reference 
manual in solving automatic control prob- 
lems. Use coupon to get your copy. 


SEND FOR YOUR COPY NOW 


FIREYE DIVISION °* 


COMBUSTION CONTROL 
PHOTOCONDUCTOR-TRANSISTOR 





Continuous-Feed Monitoring 
to Safeguard Assembly Machine 


Problem: To achieve fully automatic operation by eliminating the 
hazard of damage due to stoppage of parts fed to an assembly machine. 


Solution: Gravity feed tracks carrying small parts from continuous 
vibratory feeders run between scanner and light source of Photoswitch 
Photoelectric Control Sets. Light beams pass through a small window in 
the bottom of each feed track, and are normally interrupted at regular 
intervals by the moving parts. When the track empties because of jam- 
ming or depletion of parts, the beam stays unbroken long enough to 
actuate a control relay, which in turn shuts down the assembly machine 
until the jam has been cleared or the feed hopper refilled. 


Results: By providing automatic monitoring, Photoswitch Controls 
coordinate the operation of two independent machine functions, elimi- 
nating manual supervision and down-time due to machine damage. 


In Photoswitch’s wide variety of “ready-to-use” photoelectric controls, 
liquid level controls and electronic timers, you will find controls that meet 
your requirements exactly. So . . . for the best solution to your control 
problems, call on Photoswitch . . . first! 


p> Photoswitch DIVISION 


ites ELECTRONICS CORPORATION OF AMERICA 


5 enema 
a Dept. P21-9, 77 Broadway * Cambridge 42, Mass. 


Send FREE Catalog—'‘'Proved Answers to Successful Automation’’. 
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ai The Bristol Co. before becoming sales 

and manager in 1954, has been promoted 

to general field sales manager. He 

sate | has had experience with New York 
URING! Edison Co. and Western Electric Co. 


~~ >The department of Electro Data 
Corp. that is responsible for installa- 
tion and maintenance of the Datatron, 
the high-speed electronic data proces- 
sor, will be headed by John W. 
Thatcher, new customer service mana- 
ger. Thatcher was with Western Elec- 
tric Co. for 26 years, and during that 
time was contract manager on the 
West Coast for the “Nike” guided 
missile and general manager of Sound 
Services, Inc., a WE subsidiary. 

>» Richard Hodgson has been clected 
a vice-president of Fairchild Camera 
& Instrument Corp. and promoted 
from trend planning director to gen- 
eral manager of the Reconnaissance 
Systems Div. His experience in com- 
mercial and military applications of 
electronics is impressive: an organizer 
and former president of Chromatic 
Television Laboratories, Inc.; director 
of television development for Para- 
mount Pictures Corp.; head of the En- 
gineering Management Div. of Brook- 
haven National Laboratory; senior 
change board engineer for Lockheed 
Aircraft Corp.; manufacturing and 
process economic analyst for Standard 
Oil Co. of California; and consultant 
on radar and research and development 
to the Air Force. 

> As new engineering assistant to the 
director of Stanford Research Insti- 
tute, Emo D. Porro will maintain 
technical liaison between the insti- 


Ny eS 2 tute’s research divisions, offices, and 
FOR SLIP RING ASSEMBLIES ,F = 4 : i — laboratories, and assist in research. 
oe ens : 2 ~. He has been manager of the chemical 
TO LAST A LIFETIME OR ; se Se and metallurgical engineering section. 


LONGER.. . CALL PMI % : a 2 2 > Powers Regulator Co. has loaned 




















Robert W. Clark to the U. S. Depart- 


ment of Commerce, where he will be 


Our slip ring (collector ring) know- ae A— a Wal deputy director of the Scientific, Mo- 


; tion Picture, and Photographic Prod- 
how is adaptable to your problem. ucts Div. of the Business & Defense 


Your need for high speed, RF, strain Services Administration. He succeeds 
th sa gat 7 p : Many of our custom manu- Thomas S. Mohr, who returns to Tay- 
gauge or other slip ring assemblies will be given factured slip rings, brush lor Instrument Cos. after six months’ 


special attention by our design engineers. blocks, gears, connectors, service. , 
. : etc., are adaptable to other > Carl P. Spaulding, formerly mana- 
Send the details and we will develop and quote slip ring problems at a ger of the Laboratory Apparatus Div. 
. i bal of G. M. Giannini & Co., has been 
ahaa eoqevenent +++ from sub miniatures minimum cost. elected a vice-president and placed in 
to 8 ft. complete installations. charge of the new Datex Div. Wil- 
liam L. Waddell, who has been with 
Northrop Aircraft and _ Librascope, 
Inc., in computational analysis and 
& oa INDUSTRIES, INC. systems development, joins the divi- 
284 FAIRFIELD AVENUE sion with title of senior systems 
sngineer i harge of digital data 

STAMFORD, CONNECTICUT ae 8 


handling. 
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INSTANTANEOUS ELECTRONIC (type IE) 
For instantaneous correction and extremely close con- 
trol. Completely electronic. No moving parts. 








TUBELESS MAGNETIC (type TM) ELECTRO MECHANICAL (type EM) 
For unattended locations and critical uses where tube For large industrial loads or for applications requiring zero 
failure cannot be tolerated. waveform distortion and high efficiency. 


AUTOMATIC 
STA BILINE -::: 


REGULATORS 


Here is a complete line of automatic voltage regulators 
designed with the application in mind . . . with operating 
characteristics that always equal or better the nameplate 
rating. 

Of special importance is the fact that STABILINE main- 
tains the root mean square voltage — the voltage rating for 
which all electrical equipment is designed. Before you pur- 
chase automatic voltage regulation equipment, make sure 
it is R.M.S. responsive. 


We have detailed information about STABILINE auto- 
matic voltage regulators. Send the coupon for your copy of 
our Bulletin S351. 


THE SUPERIOR ELECTRIC COMPANY 
609 Reynolds Avenue, Bristol, Conn. 


Please send my copy of the STABILINE Bulletin 


ELECTRIC 
COMPANY 


SALES OFFICES: The Superior Electric Company 
1436 N. Serrano Avenve | P.O. Box 48, 721 So. Boulevard 
Hollywood 27, California Ook Pork, Minois 
250 Park Ave. Rooms 502, 503, 504 
P. O. Box 946, 1246 Junipero Ave. | New York, New York 
Redwood City, Cal. | P.O. Box 132, 250 So. Court St. 
| Medina, Ohio 
453-A Eglinton Ave., West, Rm. 202 | 4515 Prentice St, Rm. 201 
Toronto 12, Ontario, Canada Gollas 6, Texas 
REPRESENTATIVES 
Bury! R. Hill Company | Fred H. Haight Company 
19481 James Couzens H'w’y. | 3212 Eastloke 
Detroit 35, Mich. | Seattle 2, Washington 
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Liquid Filled Bellows Systems 
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WHEN BULB TEMPERATURE INCREASES 


LIQUID IN BULB EXPANDS. 
EXPANSION IS TRANSMITTED THROUGH 


TUBING FROM BULB TO CUP. 
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BELLOWS IS COMPRESSED, 
CLOSING SWITCH. 








Fig. 1. Liquid filled bellows systems provide remote control of a wide 
temperature range with a single adjusting device. Bellows actuating 
movement is closely proportional to the temperature range throughout 
e differential required to 
operate these devices is directly related to the range of temperature to 


the entire operating range of the system. 


ADVANTAGES OF LIQUID FILLED 
BELLOWS CONTROLS 


For the remote control of tempera- 
ture, liquid filled bellows assemblies 
provide simple, efficient, direct-acting 
systems. Utilizing the thermal expan- 
sion of a liquid selected for the particu- 
lar application, the bellows responds 
with sufficient force and degree of 
motion to actuate switches and valves 
without the need for elaborate amplify- 
ing systems. 

They can be used for temperatures 
as low as —100 F. and as high as 700 
F. In addition, these units provide “one 
knob control” of temperature over a 
wide range. A common example is the 
ordinary domestic oven in which a 
selected temperature can be main- 
tained anywhere in the range from 150 
F. to the top limit of the oven — usually 
about 600 F. 

Since these systems operate on the 
thermal expansion of a liquid, they are 
insensitive to ambient pressure changes. 

Liquid filled bellows systems are 


highly versatile and offer many possi- 
bilities to designers seeking low cost, 
accurate, dependable temperature con- 
trols for consumer, industrial or com- 
mercial product applications. 

Long experience record. Being one 
of the most widely used thermostatic 
controls, a great deal is known of the 
inherent characteristics of liquid filled 
thermostatic assemblies. Performance 
can be accurately predicted for appli- 
cations when operating conditions are 
known. Furthermore, the design con- 
siderations are so well known that it is 
usually not difficult to design a liquid 
type thermostatic assembly to fit the 
requirements of any application for 
which this type of control is suited. 

Operating principle. (fig. 1). In its 
simplest form, the liquid filled thermo- 
static assembly consists of a_ bulb, 
capillary and bellows. The bulb is the 
temperature-sensing element and is 
located in the chamber whose tempera- 
ture is to be controlled. The bellows is 
the responsive element and can be 
located together with the switch or 











Fig. 2.. Representative open type and cup type 
filled bellows thermostatic assemblies. Cup type 
is preferable, being inherently stronger, easier 
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to mount and with bellows protected from dam- 
age by handling. 


be controlled. A device that provides control over a wide temperature 
range normally requires a relatively wide differential to operate it at 
pe | given setting. However. proper design of switches or valves can 
make these systems quite sensitive. 


valve it will actuate at any remote 
location within a reasonable distance 
of the bulb. A capillary, a special small 
bore tubing, connects bulb and bellows. 
The entire assembly — bulb, capillary 
and cup—is completely filled with a 
liquid chosen for the particular range 
of temperature to be controlled. 

As the temperature in the chamber 
rises, the liquid in the bulb expands 
through the capillary into the cup, 
compressing the bellows and moving 
the attached rod to actuate a switch 
or valve. 


DESIGN CONSIDERATIONS 


Bellows stroke. The amount of bel- 
lows movement necessary to actuate 
the switch or valve varies with the 
nature of the application. Design of 
bulb volume and bellows effective area 
control the. movement to meet these 
requirements. A large volume bulb and 
small bellows results in a longer stroke 
and vice versa. Bellows of 15/32” or 
9/16” diameter are common sizes. 

The total stroke or travel to be ex- 


Fig. 3. Electric and 
equipped with liqui , 
Bellows movement operates electric switches 
that turn heating elements on and off. In gas 
ranges bellows operates modulating valve to 
control flow of gas. 


3" ranges are commonly 
filled bellows controls. 
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Fig. 4. Control of temperature for many indus- 
trial processes is achieved through liquid filled 
bellows assemblies. Typical applications: Kilns, 
steam tables, kettles, ovens, furnaces. 


pected of a bellows in this type of 
application is approximately 25% of 
its length.* This is the total amount of 
bellows movement available over the 
entire range of temperature which the 
device will encounter. 

For example: a bellows one inch long 
will provide a total travel of about 
one-quarter inch.* Used in a tempera- 
ture range of 500 F, bellows movement 
would be .0005” per degree. In a 100 F 
range, movement per degree would be 
.0025”. « 

In computing bellows movement care 
must be exercised to consider the 
highest ambient temperatures encoun- 
tered during shipment, storage or 
extraordinary conditions of service. 
Heat applied to a fluid in a closed 
system can generate large forces and 
result in damage. A unit intended to 
control temperatures between 50 F and 
70 F for example, may experience 
temperatures as high as 140 F. Bellows 
movement must therefore be figured 
for the range 50 to 70 F (Normal 
ambient) resulting from expansion of 
the liquid in the bulb. In addition, the 
entire volume of liquid in the bulb, 
bellows and capillary will expand be- 
tween 70 and 140 F. 

-’-Coeff. of Expansion [Bulb Volume 
x (70 — 50) + (Bulb + Bellows + 
Capillary volumes) X (140 — 70)] 
gives total liquid expansion. This ex- 
pansion divided by the effective area of 





* For accurate information, refer to bellows 
table of characteristics obtainable upon request. 


' 
uncontroueo?y 


Fig. 5. Steam regulators are typical applications 
for liquid filled bellows assemblies. Cross sec- 
tion shows a Leslie Temperature Regulator used 
in cooling service. The rugged thermostatic ele- 
mont ‘A an adjustable temperature range up 
° 





the bellows will give the 
total movement over the 
complete range from 50 


Coefficients of Thermal Expansion 





to 140 F. The total move- 
ment should not exceed 
the allowable travel dis- 


Coefficient * Freezing Boiling Max. Op. 
(in.4/in.?/deg F) x Point Point Temp. 
1 (F) (F) (F) 





cussed above. Tempera- 
tures lower than the 
operating range need not 
be considered as a factor. 

Loading springs are 
generally used with 
liquid filled bellows sys- 
tems. They make certain 
that the bellows follows 
the volume changes of 
the liquid accurately. 
Springs used for cup 
type assemblies are 
lighter than those re- 
quired for equivalent 
open type assemblies 
(see fig. 2) because the 
natural spring of the bel- 
lows in a cup assembly 
actually helps the load- 
ing spring to perform its 
proper function. The 
open type bellows as- 
sembly opposes the load- 
ing spring and therefore, 
a heavier loading spring 
is required. Frictional 
forces for devices utiliz- 
ing cup type assemblies 
are generally lower than 
those for equivalent open 
type units. 

Bulb and filling me- 
dium. There are a num- 
ber of liquids with 


(62:38 vol.) 


Ethylene Glycol — - - + --M@B- - - . 11 388 
Chiorotoluene - - — — 35 321 


Monochlorobenzene — — 269 
Glycerine-Water — — - 235 


Trichloroethylene ~ — 188 
Benzene — — — — - t 176 
Ethyl Alcohol —- — -— + 173 
Carbon Tetrachloride —| 170 
Methyl Alcohol — — — - 148 
Chloroform - — — - 


Methylene Chloride — + 
Ethyl Ether . — - 4 


Ethyl Chioride — - — 4 ccm LL of 55 
F-2l1-—-—-—-- — - § 48 
Methyl! Bromide — — — . 4 38 
Butane -- —-— =~ -— - ‘ 31 
Sulphur Dioxide — — — 105 14 
Isobutane — - — - — ' 229 10 
Methyl Chloride — — — 148 -11 


1--'--- - 38 675 
---am- - 4 672 
--s---- 554 
---am- + 29 528 
- --- | - 56 500 
-——- am -- 45 415 
---_-- 3 392 


22 364 
2 357 


311 
283 





231 
212 





142 
133 
118 
104 


ci 


247 22 
107 — 28 


M21 - 510 44 








properties suitable for 
use in thermostatic as- 
semblies intended for 


. ture, 450 F. 
service anywhere from 





* Values increase with temperature; 
trichlorobenzene ranges from 0.00044 in the region of its 45 F freezing 
point to 0.00070 at its recommended maximum operating tempera- 


+ Special high-temperature service compounds. 


for example, coefficient for 








—100F to 700 F. Some 
typical ones are shown 
in fig. 7. In addition to the considera- 
tion of adequate volume in relation to 
the bellows so as to provide sufficient 
actuating stroke, bulb design is con- 
cerned with securing the proper heat 
transfer so that temperature changes 
in the controlled chamber will be 
quickly reflected in bellows movement. 
Both filling medium and bulb design 
are critical elements and should be 
chosen only after consultation with 
Clifford engineers. 

Responsiveness of liquid filled bellows 
assemblies is very good and they can 
be used in systems requiring rapid 
response. The only heat required to 
change the temperature of the bulb is 
that required by the specific heat of 
the bulb material and its enclosed 
liquid. Much depends upon the specific 
conditions of the application. In rapidly 
moving air, for example, time con- 
stants as low as 10 seconds are prac- 
tical. When the bulb is immersed in a 
liquid the device may operate up to 
five times as fast. 

The open type thermostatic assembly 
is used for some applications where 
cup type (fig. 1) may not fit. Oper- 
ating principle is the same except that 
the bellows itself is filled with liquid 
and expands with rise in temperature 
to actuate the switch or valve rather 
than being compressed as in cup type. 

Open assemblies require a heavier 


WALTHAM. MASS 
metas OtLLOws 








Fig. 6. Representative filling mediums for liquid type assemblies. 


loading spring than the cup type. The 
bellows is more susceptible to damage 
due to handling and it is more difficult 
to mount this type of assembly. Cup 
assemblies are more rugged. They pro- 
tect the bellows and apply the pressure 
to its outside surface. The bellows 
operates in compression — for which it 
is best suited, resulting in longer life. 

Clifford will send you additional data. 
If you have an immediate problem, send 
a sketch showing controlling conditions. 
We will recommend a suitable control. 

Clifford Manufacturing Company, 139 Grove 
Street, Waltham 54, Mass. Division of Standard 


Thomson Corporation. Sales Offices in New York, 
Detroit, Chicago, Los Angeles, Waltham, Mass. 


A ; Long bulb for 
a ( mannomn heat 
transfer 











Differential 
screws for 
adjustment of 
temperature 
pad 
range 











Fig. 7. Open type liquid filled control with 
adjusting mechanism. Similar mechanisms can 
be provided for cup type. 7.4.81 
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CELESTIAL NAVIGATION —Link Aviation's high-speed, high altitude celestial navigation trainer; only such trainer capable of 
simulating trans-Polar flight. Trains navigators in techniques of guiding planes by the stars. 


Vital 
Controls 











The controls on the world’s fastest submarine; the most 
advanced airborne navigation system known to exist; other 
similarly advanced military systems and equally advanced 
industrial equipment and control systems are outstanding 
examples of the work of the producing companies of Gen- 
eral Precision Equipment Corporation. More than a dozen 
major industries are served by instrumentation and sys- 
tems designed, developed and produced by GPE Com- 
panies. 

Ten of the companies in the GPE Group — notably 
Askania, Kearfott, Librascope and Link Aviation—devote 
substantial resources to the development and manufacture 
of instruments, servos and controls. These are used in 
equipment and systems developed by these companies 








PROCESS CONTROL-—Askania controls 
regulate speed of the ten turbines which 
develop compression to maintain gas suc- 
tion pressure in Creole Petroleum Corpora- 
tion's giant, pile-supported oil drilling 
operation on Lake Maracaibo, Venezuela. 





SUBMARINE OPERATION — Controls developed and 
produced by Askania Regulator Company are utilized to 
govern operation of U. S. Navy's modern Guppy type 
submarines. 








- LE OD AERO 


MISSILE GUIDANCE —One of the many guided missiles 
equipped with Kearfott basic gyro reference systems, the B-61 
Matador—U. S. Air Force's first successful ground-to-ground 
tactical weapon. 
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BLUOWORTH 


THE HERTNER 


THE 


GRISCOM-RUSSELL 


COMPANY | 
LINK AVIATION, | 
pe 3 ° 


PROJECTOR 
CORPORATION 


LABORATORY 


INCORPORATED 


KEARFOTT 
COMPANY, IRC. 


INTERNATIONAL 
GENERAL PRECISION 


themselves, as well as in systems and equipment developed 
and produced by other manufacturers of advanced techno- 
logical equipment. 

All GPE Producing Companies work in the advanced 
areas of highly specialized fields and are engaged in the 
design, development, manufacture and sale of equipment 
which is closely related from a technical point of view. It 
is all precision equipment; it derives from similar fields of 
technical competence; it saves labor, increases productivity 
or achieves results which cannot be achieved with even 
limited use of on-the-spot manpower. The chart here shows 
the specialized fields in which the key GPE Producing 
Companies work. 

In addition to specialization in its particular products 


rT oe [ ee e098 ELECTRICAL EQUIPMENT and COMPONENTS 


e@ e eee ce cee ELECTRONICS 
eee HYDRAULICS, LIQUIDS PROCESSING, HEAT EXCHANGE 


| ~~ TELEVISION 
& tudio, Theatre, Educational, Business, Industrial 


1000 SeOe INSTRUMENTS. StRvOs, Contacts 


Hydra Pneumatic, Magnetic, Electron 


AIRCRAFT and MISSILE GUIDANCE, CONTROL, SIMULATION 


TOMATIC COMPUTERS and COMPONENTS 


RADAR, MICROWAVE, ULTRASONICS 


MOTION PICTURE and AUDIO EQUIPMENT 


NUCLEAR POWER COMPONENTS and CONTROLS 


YSTEMS ENGINEERING 
Aeronautical, Naval, industrial 


CORPORATION 
LIBRASCOPE, 
INCORPORATED 


CORPORATION 


and fields of technical competence, each of these companies 
has at its command, as required, the facilities and special- 
ized techniques of the other GPE Companies in their re- 
spective fields. Interrelation of their resources is achieved 
through GPE’s basic operating policy, GPE Coordinated 
Precision Technology. In all areas in which GPE Compa- 
nies work, this coordination has been responsible for a wide 
variety of precision equipment of superior design and per- 
formance, embodying new, advanced principles. 

A brochure relative to the work of the GPE Companies 
and GPE Coordinated Precision Technology is available. 
Address your request, or specific inquiries, to: GENERAL 
PRECISION EQuIPMENT CORPORATION — 92 Gold Street, 
New York 38, N. Y. 








use the R-4 Miniature 
Rotary Switch 


illustrated above is the R-4 Minia- 
ture Rotary Switch—available 
now for those applications where 
space is at a premium. Featuring 
unit construction, silver contacts, 
600 volt insulation, enclosed mech- 
anism and choice of handles, the 
R-4 provides the same high inter- 
rupting capacity, long life and 
flexibility found in the standard 
R-2 Control switch illustrated at 
right. 

Both R-2 and R-4 Rotary 
switches are available in a wide 
combination of contact arrange- ' 


ERE oe pare a alll 
ments for Instrument—Control— 


Ss Catalog 7140 contains complete information. Request your copy today. 
Transfer—Auxiliary and Special For a prompt answer to your switch problem—consult the Factory 
Applications. or your nearest Roller-Smith Sales office. 


a 
ROLLER-SMI 
1825 WEST 
BETHLEHEM, 


MASTER INSTRUMENT MAKERS SINCE 1908 
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another 


HCL a... this 
time in 
YOU TOO will be right ON TOP electronics 


See the new Solartron Transfer 
Function Analyser at Booth D 605, 
International Instrument Exhibition, 
Los Angeles, September 12th to 16th. 
Cable Solartron for our engineer to give 
you a demonstration. The advantages 
over contemporary equipment will cause 
you to use it, as do all United Kingdom 
G.M. manufacturers. 


Tests AC, DC or carrier servos 
Plots high accuracy Nyquist 
diagrams 

Covers 0°1 c/s to 1,000 c/s 


Independent of harmonics, noise 
and spurious frequencies 


Answers G.M., fire-control, 
simulator,: computor, vibration, 
magamp and all servo problems 


’ df We at . Ly 


wn, = Stuf 


é 


(Meux soranrnow erecrmewre onouP iro. 


Thames Ditton, Surrey, England 
Cables: Solartron, Thames Ditton Telephone: EMBerbrook 5522 
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ACCURATE 


LOW WEIGHT 
SMALL SIZE 
ECONOMICAL 





FREQUENCY STANDARD 
240 to 800 Cycles 


Type 50C 
+ .02% at — 65° to 85°C 


Type R50C 
+ .002% at 15° to 35°C 














FREQUENCY STANDARD 
200 to 4000 Cycles 

Type 2003 C 

+ .02% at — 65° to 85°C 
Type R 2003 C 

+ .002% at 15° to 35°C 
Type W 2003 C 

+ .005% at — 65° to 85°C 











FREQUENCY STANDARD 
200 to 2000 Cycles 
Sub-miniature Tube 

Type 2007 

+ .02% at — 65° to 85°C 
Type R 2007 

+ .002% at 15° to 35°C 


Type W 2007 
+ .005% at — 65° to 85°C 

















FREQUENCY STANDARD 
200 to 3000 Cycles 


Type 2001-2 
+ .001% at 20° to 30°C 


WHEN REQUESTING 
INFORMATION 
PLEASE SPECIFY 
TYPE NUMBER 
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15 oz. av. 


HIGH RELIABILITY 
HIGH PRECISION 
HIGH QUALITY 


FREQUENCIES 





PRECISION FORK UNIT 
240 to 800 Cycles 
Type 50 
+ .02% at — 65° to 85°C 


Type R50 
+ .002% at 15° to 35°C 





PRECISION FORK UNIT 
200 to 4000 Cycles 

Type 2003 

+ 02% at — 65° to 85°C 
Type R 2003 

+ .002% at 15° to 35°C 
Type W 2003 

+ .005% at — 65° to 85°C 





FREQUENCY STANDARD 
240 to 1000 Cycles 
Transistorized 

Type 2007 T 

+ .02% at — 65° to 85°C 
Type R 2007 T 

+ .002% at 15° to 35°C 
Type W 2007 T 

+ .005% at — 65° to 85°C 





ACCESSORY UNITS 
for Type 2001-2 
L—for low frequencies, 
multi-vibrator type, 40-200 cy. 


D—for low frequencies, 

counter type, 40-200 cy. 
H—for high freqs., up to 20 KC 
M—Power Amplifier, 2W output 
P—Power Supply. 





American Time Products, Inc. 


580 Fifth Avenue 
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You get both with General Controls 


Really tight 
single seat 


closure 


Power to open 
against pressures 
up to 6,000 psi 


... H-series HYDRAMOTOR valves 


It takes Brute Force to open a single-seat valve against line pressure 
—but you need single seating to guarantee permanently perfect closure. 
So you need both. And you get both with General Controls. 


You get even more: No gear problems with its electro-hydraulic action... 
sealed unit safety for top efficiency in any weather ... instant response to 


simple two-wire control, with three-wire available for remote positioning. 


When you lay out cost-saving automatic transfer systems, count on 
General Controls to simplify your problems with dependability proved by 
over 15 years in the field—and a complete range of sizes, materials and 
speeds to meet the varied needs of the food, process, and oil industries. 


For more detailed 
information, send for 


arena ‘} GENERAL CONTROLS 
801 Allen Ave., \Y 5e MANUFACTURERS OF AUTOMATIC CONTROLS FOR HOME, INDUSTRY AND THE MILITARY 
Glendale 1, Calif. ELD 


GENERAL CONTROLS ° Penrex CONTROLS / LENDALE 
40 FACTORY BRANCH OFFICES SERVING THE UNITED STATES AND CANADA " 
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SATISFACTION MULTIPLIED 
3x8x8x38x2x5 





300 
200 














Service Conditions primarily determine the Bourdon Tubes of 8 different types of metals 
pressure gauge you specify for your installation. to meet specific service requirements. 
The wrong gauge can cost time, trouble, and 


Pressure Ranges from 30” vacuum or a few 
money. 


ounces through 100,000 psi. 


That’s the big reason why Ashcroft Duragauges Rotary Geared Movements that include the 
make sure of your complete satisfaction by offer- famous “Nylon Movement” or all stainless 
ing a multiple choice in case designs and mate- steel. 
rials, Bourdon tube materials, ranges, movements, 
and dial sizes. Briefly, you can select the right 
gauge for your requirements from: Most important, Ashcroft Duragauges provide 
that unbeatable combination of highest sustained 
Cases of 3 different materials in 8 service- accuracy and durability of any pressure gauge 
proved designs. built. 


Dial Sizes from 444” through 12”. 


TAKE ADVANTAGE of the counsel of your nearby Industrial Supply Distributor. 
You can count on him to help you select Ashcroft Duragauges that will serve better 
and longer, with minimum maintenance, no matter how severe the conditions 

of vibration, pulsation, corrosion and weather. 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


A product of MANNING, MAXWELL & MOORE, INC. STRATFORD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN’ 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY 
RELIEF VALVES, Tulso, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. 


“SHAW-BOX” AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 
Muskegon, Mich. 
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PULSAFEEDER 


CONTROLLED-VOLUME 
CHEMICAL PUMP sinndax pinemaaginage 


pump for controlled-volume 


pumping of fluids. Reciprocating piston action 
provides positive displacement. But the piston 
pumps only a hydraulic medium, working against 
a diaphragm. A floating, balanced partition, the 
diaphragm isolates chemical being pumped from 
the working pump parts—eliminates need for 
stuffing box or running seal. Pumping speed 

is constant; variable flow results from variation in 
piston-stroke length—controlled manually by 
hand-wheel, or, in Auto-Pneumatic models, by 
instrument air pressure responding to any 
instrument-measurable processing variable. 


WRITE FOR BULLETIN 440 with typical applications, 
flow charts, description and specifications of models 
of various capacities and constructions. Inquiry Data 
Sheet included from which we can make specific 
engineering recommendation for your processing 
requirement. Write Lapp Insulator Co., Inc., 

Process Equipment Div., 394 Wilson St., Le Roy, N.Y. 
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IBM selects DU MONT TYPE 329% as test 


oscillograph for their new 
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When IBM Corporation, world’s largest manu- 
facturer of computer equipment, produced their 
new Model 702, an essential phase of the proj- 
ect involved selection of a cathode-ray oscillo- 
graph to go into the field with each computer 
as standard test equipment. Requirements were 
strict. 

IBM's approach to the problem was to conduct 
side-by-side evaluation with other competitive 
instruments. On the basis of actual perform- 
ance, they selected the Du Mont Type 329 
as their test oscillograph. 

What are some of the primary reasons why 
IBM decided on the Du Mont Type 329? 
Excellent sensitivity—either d.c. or a.c. coupled. 
Precisely calibrated sweeps with movable notch 
magnification—ideal for making accurate meas- 
urements. Brightness—adequate for display of 
very fast pulses. Synchronization simplicity— 


type 702 computer 


the Type 329 “locks in” on almost any type 
of signal. Stability—the trace remains steady 
as a rock despite power line fluctuations, etc. 
Reliability in service—calibration adjustment 
requires no extra test gear and is a simple 
one-step process. And virtually any tube may 
be replaced without special selection. 
Another factor contributing to the selection of 
the Type 329 was the well known Du Mont 
Field Service Organization, which assures that 
regardless of where in the United States the 
equipment is used, swift, competent service 
facilities are in the immediate vicinity. 

If you have instrumentation requirements, 
Du Mont facilities are always available for 
discussion and recommendations. Write us 
today for complete information on the Type 
329, or on any problem you may have relat- 
ing to cathode-ray instrumentation. 


*’*Moditied slightly for IBM’s application.” 


ALLEN B. DU MONT LABORATORIES, INC. e TECHNICAL SALES DEPARTMENT 
760 Bloomfield Avenue, Clifton, New Jersey 





OPB SERIES 


OPO series 
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speed up inspection...testing... maintenance! facilitate interchangeability! 


You can connect, disconnect, interchange, replace, test, 
and inspect instruments, assemblies, and sub-assemblies 
easily and rapidly when you use Cannon ‘‘Unit Plug-in’ 
multi-contact electric connectors. 
You'll find some with shells. . . some without. Shell 
style units. ..in a wide variety of designs... are ruggedly 
constructed to take the many ‘‘in’’ and ‘‘out’’ operations of 
rack, panel, chassis, and sub-assembly applications. Varied, 
simple, but always rigid mounting facilities provided on each 
connector half. Standard, miniature, sub-miniature sizes. 
Either connector half may be made into a plug by use of an end bell. 
Up to 156 contacts. And... an amazing number 
of combinations of contacts for control, audio, thermocouple, 
co-ax, twin-ax, as well as pneumatic connections. In single- or 
double-gang. Special moisture-proofed types. Standby units 
feature gold-plated contacts to withstand deterioration and corrosion. 
Write for full information. Write TODAY ! 
(year 


\es 
first in connectors 
Please refer to Dept. 422 


CANNON ELECTRIC COMPANY, 3209 Humboldt Street, Los Angeles 31, 
California. Factories in Los Angeles; East Haven; Toronto, Canada; London, 
England. Contact representatives and distributors in all principal cities. 


or rapid disconnect 
iP 


use cannon 


“unit plug-in’ 


connectors 
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no matter what Siz E... 


no matter what SHAPE... 





WHEN IT COMES TO MOTORS, 


ONE NAME STANDS OUT... 


Booth No. 429 at The Production Engineering Show, 
Navy Pier, Chicago, September 6-16, Diehl’s complete 
line of Servomotors and Tachometers for the automatic 


control of your equipment will be displayed. Make it a 


point to see them. 
DIEHL MANUFACTURING COMPAN 


Electrical Division of THE SINGER MANUFACTURING COMPANY 


Finderne Plant, SOMERVILLE, NEW JERSEY 
ATLANTA « BALTIMORE » CHARLOTTE, N.C. « CHICAGO « CINCINNATI « NEEDHAM, MASS. « NEW YORK « PHILADELPHIA « PITTSBURGH 
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PEGASUS Servo Valves 
for industrial applications 


Pegasus offers industry a line of high performance, 
electro-hydraulic servo valves designed specifically for 
industrial applications. They are compact, rugged and 
reliable, engineered throughout for heavy duty industrial 
service. 

Shown above is a typical servo valve schematic, 
featuring a balanced, flapper boost stage for maximum 
reliability, frequency response, and pressure and tem- 
perature stability. 

These valves are actuated by the Pegasus Model 109 
Force Motor, which is hermetically sealed, and transmits 
motion through balanced bellows. The force motor is 
available for either vacuum tube or magnetic amplifier 
application. 

Typical industrial applications are: 360 degree con- 
tour tracing machines, torquing and load control fixtures, 
damper testers, chemical valve and variable delivery 
pump actuators, and wherever difficult problems exist in 
the control of position, velocity, and load. 


EGASUS Lasorato RIES, INC. 3690 Eleven Mile Rd., Berkley, Mich. 





SPECIFICATIONS 
MODEL 120 


200 to 3000 
Maximum Flow Rate (1000 psi). .5 gpm 
Port Size %" 
Internal Leakage (1000 psi) .5 in. / sec. 
Input Current...... . + 40 ma. 


Operating Pressure. ... 


Time Constant 
Dimensions 


MODEL 140 


Operating Pressure... .. .200 to 3000 
Maximum Flow Rate (1000 psi). 10 gpm 
Port Size a" 
Internal Leakage (1000 psi) .8 in. 7 sec. 
Input Current 

TD GION. sc bec sccccanne 1.75 ms. 
Dimensions 2” x 2%" x 6” 


MODEL 160 


Operating Pressure. 200 to 1000 
Maximum Flow Rate (1000 psi). 20 gpm 
Port Size %" 
Internal Leakage (1000 psi) 1 in. 7 sec. 
Input Current 

Time Constant 

Dimensions 


® More detailed specifications 
on request. 














DESIGN AND MANUFACTURE OF ELECTRO-HYDRAULIC SERVOMECHANISMS 


Model 117-C Model 122-120-B 
Transmitter Amplifier Rotary Actvator 


Model 124-140 
Linear Actuator 


Model 109-F 


___jueilode! 123-120-B 
Force Motor ~ 


Model 108-D 
Linear Actuator 
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WHAT'S NEWS AT BRISTOL... 


[EE LOOP PEE: Ts 


PUSH-BUTTON AUTOMATION takes over at the new and com- 
pletely modern thread finishing plant of Coats & Clark, Inc., 
Toccoa, Ga. Bristol Coordinated Process Control automati- 


cally carries out the complete washing and dyeing cycle. 
Heating, cooling, and reversing of dye flow are automati- 
cally controlled and coordinated with the push of a button. 


AUTOMATION 


Bristol Coordinated Process Control in the field of automation 
can bring to your plant lower production costs, new standards of 
plant efficiency, uniformly high product quality, and increased pro- 
duction from present equipment. 
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Bristol’s completely automatic control tech- 
niques make it economically possible to get labo- 
ratory quality in the factory. There’s no more 
uncertainty in operating sequences too rapid or 
too complex for human operators — your manu- 
facturing and processing operations are always 
carried out according to the set of conditions 
known to produce the desired results. 


HOW IT WORKS 


Bristol Coordinated Process Control Systems 
automatically control and coordinate all of the 
variables and operations of a process — such as the 
time of operation of motors, valves, pumps, blow- 
ers, dampers, and the control, at a definite value 
or according to a time program, of variables that 


CONTROL ENGINEERING 


affect the uniformity, quality, cost, and yield of a 
product — such as temperature, pressure, liquid 
level, flow, pH, humidity, and speed, as well as 
others. 

The “Mechanical Brain” is the leader or director 
of a Bristol Coordinated Process Control System. 
Under its direction the efforts of all of the instru- 
ments are perfectly coordinated. All process vari- 
ables are accurately controlled and each event 
takes place in proper sequence. 

The “Mechanical Brain” makes it possible to 
build into a control system the exact schedule laid 
out by the designer of the process. With it, the 
intended schedule for economical operation is car- 
ried out in all details day-in and day-out. Yet the 
control system is exceedingly flexible. The sched- 
ule can be changed at will. 





BRISTOL COORDINATED CONTROL system automatically systems are used in many other solvent recovery instal- 
operates “Columbia”* Activated Carbon Solvent lations designed and supplied by Carbide and Carbon 
Recovery Plant at American Viscose Corporation’s Chemicals Company, a Division of Union Carbide and 
acetate yarn plant, Meadville, Penna. Similar control Carbon Corporation. °T.M.-U.C.C. 


... the answer to high costs 


Bristol Coordinated Process Control Systems are 3. Bristol's ability to combine electronics and the 
made possible only by the following facilities, devel- mechanical phases of automation. 
oped during 66 years of experience: 4 


. Bristol’s experienced engineering staff. 


HAVE YOU AN AUTOMATION PROBLEM? Our 
engineers would like to work with you on your prob- 
lems of automation and process control. Write today 
for further information. The Bristol] Company, 101 
. Bristol's Time Cycle Controllers. Bristol Road, Waterbury 20, Conn. 5.27 


BRISTOL PRODUCTS: 
Automatic Controlling, Recording, and Telemetering Instruments for: Including: 


Pressure, Vacuum, Absolute Pressure, pH and Conductivity. Automatic Control Systems 
Draft, Differential Pressure, and Speed of Travel and Rotation. Electronic Potentiometers 
Barometric Pressure. Humidity. Graphic Panel Instruments 
Temperature (Thermometers, Potentiometers Voltage, Current, Power, and ra Controllers 

aa bie ime-Program Controllers 
and Pyrometers). Load Totalization. Pneumatic and Electric Controllers 
Flow, Water and Liquid Level, Mechanical Motion, Position and Instrument Panels 
and Specific Gravity. Operations. Control Valves 


Visit us at Booth 640, Production Engineering Show, 
Chicago. Booths B399-B403, ISA Show, Los Angeles. 
BRIS OL POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


1. Bristol’s complete line of Automatic Controlling, 
Recording, Electronic, and Telemetering Instru- 
ments. 
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NEW SAMPLING SYSTEM OPERATES ON STEAM! 


The new Hays Gaspirator* System is designed especially for difficult gas 
sampling problems involving high dust loading and high temperatures. It 
now permits accurate O, measurement, previously impossible in many 
applications. 

This gas sampling system uses steam to obtain a continuous, clean 
sample. Suction which is created by the jet nozzle draws the sample in, 
where it is mixed with the steam. The steam is then condensed. Conden- 
sate and entrained solids drop down, and the sample is forced through 
the analyzer under pressure. 

Hays, in the field of gas analysis for more than fifty years, developed 
the Gaspirator for use with their Magno-Therm Analyzer. 

This analyzer, which operates on the paramagnetic principle, has for 
years been accepted as the leader in the field of O, measurement. Hundreds 
of companies are using the Magno-Therm and Hays electronic recorders 
very successfully in boiler plants and on process furnaces as a combustion 
guide, in regeneration of catalysts in refineries and in many other process 
applications. 

For further details write for Bulletin 55-829-56. 
*Patents pending. 
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INDUSTRY’S 
PULSE 


Will Control Engineers 
Help Solve Labor Problems? 


Engineers have lost their monopoly on the headache of 
making automatic control work in industry. Personnel ex- 
perts are getting their share—and some are already outfrowning 
the engineer. What to do with present workers is usually their 
biggest worry, but problems like job evaluation, incentive plans, 
and seniority will help the aspirin business, too. 

McGraw-Hill’s analyst of automation-labor problems, William 
Chartener, suggested in his recent remarks to the Personnel 
Institute at Fairleigh Dickinson College that “two headaches 
may be better than one.” Said Bill, “On some of these personnel 
problems, control engineers are going to be asked for more than 
sympathy. They may be asked to consider personnel when 
making basically engineering and economic decisions. ‘The Labor becomes 
effect on labor will enter in design, installation, even operation 
of automatic controls. It begins | to look like the engineers will 
soon be required at the collective bargaining table.” 

The greatest problem is the fear felt by individual workers— 
fear that a job will be eliminated, fear that a skill may be obso- 
lete, fear of being unable to compete for the new jobs. This can 
have serious effect on morale—and, thus, on output and quality 
of work—not only of workers immediately affected, but of those 
unlikely to be affected for some time. 

Some companies seem to be successfully meeting the labor 
problems in converting to automatic processes. Imperial 
Chemical Industries’ plant in Billingham, England, the largest 
integrated chemical plant in the Commonwealth, follows a 
policy of not laying off workers just because of automation. A 
steady rise in the company’s total employment—now some 
16,000—has helped. Also, ICI has concentrated on converting 
old facilities rather than designing from scratch. But some of its 
conversions involved sizable labor reduction. 

ICI’s method is to transfer displaced workers to other jobs 
and not replace those who quit or retire. Equally important is —!C!_ won't 
its active educational program to sell the idea that conversion, lay them off 
by raising productivity, benefits all concerned. It starts at the 
home office with meetings of top company and union officials 
and ends in discussion on the shop floor. And quite often 
there is grumbling among employees who feel that the com- 


a system component 
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from powdered metal 


which is pressed into 


shape, then sintered 
in special sintering 


furnaces. 


24-hour service on 
SINTERED ALNICO MAGNETS 


.. from stock - 


Indiana Sintered Permanent Magnets are 
available for your development work in 
dozens of standard sizes and shapes. 

Fast, 24-hour shipment on Sintered Alnico 
II Magnets can be made from stock. Sintered 
permanent mmgnets are also available, on 
special order, in Alnico grades IV, V, and VI. 

For a complete assortment of sizes and 
shapes to choose from, write for 12-page 


Sintered Catalog No. 12-P9. Or, if you’re not 
sure what type of magnet or grade of mate- 
rial to use, consult Indiana’s engineers for 
their recommendations, without obligation, 
of course. Their 47 years of experience in 
designing magnets for some 40,000 designs 
is your assurance that the most efficient and 
economical magnet is chosen for your 


product. 


Sintered Alinico 


ALNICO ALNICO ALNICO ALNICO 
PROPERTIES le IV V vi 





INDIANA 
PERMANENT 
MAGNETS 


Residual induction (minimum) Br Gausses 6900 | 10500 





Coercive force (minimum) He Oersteds 520. | 600 780 





Energy product (minimum) BdHd maxx 10° | 145 | 3.5 3.0 





Peak magnetizing force—Oersteds 2000 | 3000 3000 





} 260 | 260 
Weight—Ib/cu. in. Mechanical properties Hard- | Hard- 


THE INDIANA STEEL PRODUCTS COMPANY isu brittle | brittle 
VALPARAISO, INDIANA § 











*Alnico I! only, available from stock 


World’s 


ae Largest Manufacturer of Permanent Magnets 


rounds 
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-.- INDUSTRY’S PULSE 


pany did not move fast enough in modernizing a_ process. 

Historically, much of the active opposition to automatic 
production has come from local labor unions, which shun the 
broad perspective when members’ jobs are at stake. ‘The spread 
of automation may reverse this. Recently General Electric was 
scolded in the IUE-CIO newspaper in Lynn, Mass., for losing 
a big order to a competitor that had more automatic labor 
saving devices. 

The radical production changes that follow installation of 
automatic machinery create serious problems in job evaluation. 
‘Physical effort usually is reduced, and mental effort may slack, 
too. But manhour productivity soars and it becomes harder to 
judge the contribution of any individual. So how can new pay 
scales be set that are fair and “scientific”? 

It is obvious that job evaluation plans in automated plants 
must put minimum emphasis on physical effort and maximum 
on responsibility, experience, and training. Incentive plans will 
also change. Reduction of machine downtime—rather than 
worker speed and quality—will be the important factor. And most 
workers to be put on incentive may well be in the maintenance 
gang. Seniority is another problem—especially for the union. 
Local unions are finding it difficult to classify transferred workers 
whose department, even plant, has disappeared. Some of the 
battles over seniority have reached the international union con- 
vention floor. 

The inevitable problem in personnel relations is how to keep 
“automated” workers happy. C. H. Fawkner of Monsanto 
Chemical Co., speaking at a recent American Management 
Association conference, pointed to the difficulty of ‘ ‘maintaining 
morale of all production workers in a situation where indiv idual 
contribution to product creation is difficult to perceive.’ 

A group characteristic adds to this difficulty: workers of 
superior ability and training, so necessary for the jobs with great 
responsibility but little continuous effort, are those most 
easily bored. In their attempts to solve this enigma, control 
engineers may soon find themselves sitting at conference tables 
with personnel experts and even professional psychologists. 











Automatic control 


creates boredom? 
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N OWw- Bailey Brings You a 


Now you can record signals from electric pickups and 
pneumatic transmitters on the same chart. 


Thermocouple 


Resistance 
Thermometers 


Pneumatic 
Transmitter 


Gas Analyzer DSE 


s Se BESSSSS ONG. FURNACE 
® ee ay SS=s: SFE TEMPERATURE 
is ~ ~ a, : ‘ / f ‘ f 3 J 5 eo : , ; y \ \} ; 
MOM pe SSEEEES CAROL 


VEEL ST NORCO TEMP. DIFFERENCE 
BEsescs, 2 ENTRANCE—EXIT 


AV Li ne OP oh 
2 Y > 4 \ \ ee aK } 
SO NEN RAFT ay ea etl 
%. esata Ae Ls 
®\ % OXYGEN IN FLUE GA 
STL er ey 


4 j x . x yor . 
"aoe ———— 


NOON Zi 


Get the records you need on the same chart. Plug-in receivers are 
available for these other variables — 


% combustibles density flow pH ratio speed 
combustion differential liquid level _ position smoke density temperature 
conductivity draft % oxygen pressure specific gravity vacuum 
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New and Better Way— 
to Compare Temperatures 


Records of related variables on one chart simplify analysis 


To coordinate related records on a single linear chart—here is a new D-C receiver unit that can 
be plugged into the Bailey Receiver Recorder along with A-C receivers and pneumatic receivers, 


This means that you can compare temperature with other related variables on the same chart 
regardless of pickup characteristics or range spans. You can have combinations such as: Furnace 
Temperature, Stack Temperature, Per cent Oxygen, and Per cent Combustibles; or Firing End 
Temperature, Feed End Temperature, Kiln Speed, and Hood Draft; or Heat Exchanger En- 
trance and Exit Temperatures. 


Check These New Advantages 


A Linear Chart for all types of thermocouples and combination of receiver and controller units. Electronic 
thermopiles eliminates the nuisance and expense of and pneumatic receivers as well as controllers and 
stocking separate types of charts for different ele- retransmitters are interchangeable in the four frame 
ments—and the need for interpolation tables. Direct slots of the Bailey Receiver Recorder. 

reading saves time and reduces errors. 
Process Changes Quickly Accommodated with a Measurement and Control is Continuous, with no auto- 
minimum parts and chart inventory. The unique matic or manual standardization periods required. You 
unitized construction of the Bailey Receiver Recorder always get the same straight line relationship, due to 
permits you to select and “customize” your own __ the cam action (a Bailey innovation). 





THE BAILEY RECEIVER RECORDER OFFERS: 


1. Extreme Flexibility of Application. You can record any 
four measured variables, using D-C, A-C or pneumatic 
receivers (or any two, together with their controllers). 
Four identical frame slots permit complete interchange- 
ability of receivers and controllers as required by chang- 
ing processes or circuits. 


2. Four Telemetered Measurements on a Single 12“ 
Circular Chart. First cost and installation expense is at a 
minimum. Operating economy is at a maximum—and 
remoteness of measuring location makes no difference. 


Be Faster, Easier Servicing. The exclusive Bailey sealed ink 
sacs and capillary pens eliminate day-to-day inking; 
sacs normally need replacement only once a year. 


4. Faster, Easier Ordering from Stock. Bailey's exclusive 
standardized unit design permits selection of any com- 
bination of recording receivers to fit your needs. You can ‘ , 
order your own custom assembly from stock, in a mini- Plug-in type D-C Receiver for Bailey Receiver Recorder 
mum of time, at a minimum of expense. The unique cam-type compensator on this receiver permits use of a 

single standard 12” diameter linear chart, regardless of the char- 

acteristics of the thermocouple, thermopile or other pickup used. 


Write for complete specifications — use handy coupon below 











Bailey Meter Company 
1079 Ivanhoe Rd., Cleveland 10, Ohio 


Please send me product specifications on the 
new Bailey Receiver Recorder, as follows: 


(J With D-C Receiver—Spec. E12-4 
(J With A-C and Pneumatic Receivers — 
Spec. E12-5 
COMBUSTION 
Me 1079 IVANHOE ROAD TEMPERATURE 
PRESSURE Title 
GAS ANALYSIS 
LEVEE 
RATIO 


Name 
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The photograph above shows three typical Sola Constant 
Voltage DC Power Supplies being mounted on a relay rack. 


Each chassis is completely assembled by Sola Electric Co. 
and supplied as a single unit. 


CONSTANT VOLTAGE TRANSFORMER SUPPORTS 
GERMANIUM RECTIFIER AND ALL-CAPACITY FILTER 


IN MEETING A TOUGH DC POWER PROBLEM 


This unique dc power supply assembly uses three 
unusual components: 

e A CONSTANT VOLTAGE transformer 

e A germanium rectifier 

e A high-capacitance filter (no choke). 


They mutually support and protect each other in 
providing high output voltage stability in the face of 
varying or heavy “pulse” loads. 


Result: — They are being adopted by manufacturers 
of computers, tabulating machines, and others who must 
have reliable operation of relays, solenoids, etc., in spite 
of severe line voltage and load fluctuations. Specifically, 
these special assemblies provide: 

i. +1% or less output voltage change with +15% 

line voltage variations. 

. Minimum output voltage change with wide, rapid 
load changes. 

. High, short-time overload capacity without damage 
to components. 

. Ripple approximately 1%. 

. High overall economy by eliminating overload ca- 





pacity needed with other types of power packs for 
this duty. 

. Simplicity, compactness, and light weight as 
compared with equipment employing saturable 
cores, heavy chokes, tubes, revolving or other mov- 
able parts. 


Sola is now designing and assembling complete dc 
power supply assemblies in the general ranges of up to 
50 volts at 25 amperes; or up to 400 volts at 0.4 amperes. 
Series and parallel operation have proved quite feasible 
for serving higher demands. While featuring the special 
capabilities of voltage-regulating transformers, germa- 
nium rectifiers, and high-capacitance filter as a “team’’; 
Sola invites inquiries on assemblies of any type of trans- 
former, rectifier, and filter, or separate voltage-regulat- 
ing transformers designed to feed existing rectifier-filter 
combinations. Write for descriptive folder, or contact 
your nearest district sales engineer. 


SOLA Sarrrcnmcee 





[i CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment @ LIGHTING TRANSFORMERS for All Types of Fluorescent 


tcury Vapor Lamps. ® SOLA 
125th St., 


ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 
© PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 © BOSTON: 272 Centre Street, Newfon 58, Mass., 


_@ CLEVELAND 15: 1836 Euclid Ave., PRospect 1-6400 @ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 ® LOS ANGELES 23: 


BI 
a138 € Obvooks ympic Bivd., 








ANgelus 9-9431 © TORONTO 9, ONTARIO: S17 R 


de Rd., Lyndhurst 1654 © Representatives in Other Principal Cities 


ita 
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The Roots of 





Automatic 





Processing 


An Editorial Theme By DONALD P. CAMPBELL 


Massachusetts Institute of Technology 


Processing is the functional action of achieving a particular end or objective 
through an orderly pattern of manipulation. The processing equipment is 
merely the vehicle by means of which the processing is accomplished. 

In approaching the design of an automatic process, the designer must con- 
sider carefully the fundamental job for the machine tool, the machine, or 
the chemical reaction. The machine tool, for instance, puts rods of metal 
through a variety of sequenced materials-handling operations and produces 
discrete parts. The total operation involves more than mere cutting away of 
metal. Minimum number of cutting steps, maximum velocities of moving 
parts and tools, optimum starting and stopping times for motors and clutches 
that drive the tools, the metallurgy of the object being cut — all these in- 
fluence the choice of controls and manipulators. 

Similarly, the engineer must consider the physics of each “chemical” proc- 
ess, whether actual chemical reactions take place or whether the action is 
made up of unit operations such as heat exchange, separation, sedimentation, 
flotation, or the transportation of fluids and gases to a distillation tower. He 
must write differential equations or develop other mathematical models 
that uniquely describe the dynamic behavior of the process. He must sys- 
tematically subject the cause-and-effect physical relationships to the logical 
disciplines of mathematics in order to synthesize the complete automatic proc- 
ess as a unit. 

Today most controls are designed for the convenience of the human op- 
erator — a criteria that is logical only if an operator continues to be present 
as the monitor and as the feeder of raw material. But if the process is to be 
completely automatic, there is no reason to hobble the design by basing it 
on human physiology. ‘The information to set up and operate the tools need 
not be contained on drawings or sheets of instructions if no operator has to 
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LOW COST, EFFICIENT Automatic Speed Control 
NOW AVAILABLE with the CYLINDER CONOMOTOR 





























For many years, industry’s requirements for a practi- 
cal method of controlling speed in operations in- 
volving such variables as flow, temperature, pressure, 
liquid level, tension, etc., could not be adequately 
satisfied. Now, the Cylinder Conomotor—a pneuma- 
tically positioned power operator used as original 
equipment on virtually all major variable speed drive 
units—affords low cost, dependable automatic speed 
control for processes . . . roll- winding equipment .. . 
heatexchangers...machine tools... material conveyors. 

Engineers are becoming more and more conscious 








Sterling Electric Motors Speed-tre! with, 
Cylinder Conometor. 





U. $. Electrical Motors Varidrive featur. 
ing Varitrel Cylinder Conometor. 


of the possibilities offered by automatic control of 
variable speed drives through pneumatic means. Pneu- 
matic speed control combines all the advantages of 
simplicity, versatility and sensitivity at a low, low 
cost. An additional inherent feature of pneumatic 
control is its explosion-proof characteristic—a speci- 
fied must in many industries today. 

Conoflow engineers, seasoned in control techniques, 
can help you adapt the Cylinder Conomotor to your _ 
speed changing requirements . . . Call in Conoflow 
today, you'll like our personalized service. 


FOR ADDITIONAL INFORMATION ON CONOFLOW CYLINDER OPERATORS WRITE FOR BULLETIN B-50-2 


oced, Fe} a te)’ Meote] ite) 7 wale), | 


FOREMOST MANUFACTURERS OF FINAL CONTROL ELEMENTS 


2100 ARCH STREET, PHILADELPHIA 3, PA. 
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EDITORIAL THEME = continued 


read them. Instead, the instructions can be expressed digitally on magnetic 
tape in the minimum number of information units necessary to convert a piece 
of stock into a shaped part with threads and holes. 

And the configurations of lathes and milling machines need not be tai- 
lored to the man. Why make the machine waist high? Why not unfold it 
and lay it flat, or run it along the wall? Or invert it and move the falling chips 
on a belt instead of mounting vacuum cleaners next to the cutting tool? Simply 
make the machine fit the function of receiving raw material at one end and 
ejecting finished parts at the other. 

Like machine tool control, today’s chemical processes are designed to pro- 
duce under the control of a human operator. Ponderous holdups are fitted 
into the process to help the operator keep it running in case of interruptions 
in feed. The vessels, vats, and bins that provide the holdups are expensive. 
Also, they contain inventory that makes no profit for the manufacturer. Un- 
fortunately, they — not the time constants of chemical reaction and mass 
transfer from liquid to gas — largely determine the dynamic response of the 
“chemical” process. 

Consider the basic function of a chemical reaction: that of putting atoms 
together to form the right molecules. Automatic control should “watch” the 
individual molecules. It should control their assembly atoms in such a way 
that the product has the right molecular weight distribution. This requires 
measurement, information handling, and manipulation at a microscopic 
level. Yet most processes are now manipulated by valves, stirring paddles, 
pumps, and the like — gross microscopic techniques. These really overlook 
the fundamental issue of inter-atomic and inter-molecular forces. If, for in- 
stance, the valve that adjusts the flow into a process to control its gross reaction 
were replaced by X-Ray or nuclear activation, it might be possible to integrate 
the manipulating function into the design of the process equipment. 

The changes called for cannot come about without basic changes in our 
procedures for training control engineers. First of all, the mathematics given 
in engineering curricula are inadequate to cope with modern process dy- 
namics. It is necessary to understand more than differential equations and a 
bit of operational calculus. Most of the difficult problems in mass transfer, 
chemical reaction kinetics, and nuclear reactions have their explanation in 
statistical mechanics. We must put the engineer’s roots for studying basic 
process dynamics deep into modern physics. 

Then, today’s control engineer must look upon information handling as 
fundamental in explaining how discrete objects move from machine tools 
through bins into assemblies and finally emerge as complete automobiles. 
He must think of activating chemicals by high voltage and beta ray bombard- 
ment. And, most important, he must be willing to break with tradition — 
he must consider making steel in solar furnaces and chemicals inside nuclear 
reactors. He must be willing to make production-processes expendable instead 
of obsolete. 
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Richfield Oil Corporation, Los Angeles. Taylor Transet Plug-in indica- 
tors, recorders and controllers on graphic panel for fluid catalytic crack- 


ing unit near Long Beach, receiving from Taylor flow, temperature and 
pressure transmitters. 


Brea Chemicals, Inc., Los Angeles. Typical of this company’s wide 
use of Taylor instrumentation, the Flex-O-Timers (Time Cycle Con- 
trollers) shown here are the heart of automation for operating the 
dry ice presses at the Brea Chemicals, Inc. ammonia plant. They 
control the entire sequence of starting, filling, reverting, pressing, 
ejecting, and stopping. 
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HE five installations shown on these pages are typical 
of the instrumentation that is helping Western 
industries thrive. 


Along with these 5 leaders, Taylor Instrument Companies 
welcome a visit from Instrument Society of America 
members attending the ISA Instrument-Automation Con- 
ference and Exhibit at Los Angeles. Taylor booths 

B436 - 437 - 438. 


Taylor has maintained a plant in San Francisco for 18 
years—and has had direct sales representation in the West 
for 60 years. We're happy to report that we are now ina 
better position to serve our customers than ever before, 
with the opening in June of a completely modern plant 
and sales office at San Leandro, Calif. The new plant is 
capable of duplicating many manufacturing and repair 
techniques followed at our main plant in Rochester, N. Y. 
Personnel-wise, the west coast office is second to none in 
years of diversified experience and engineering skill . . . 
our Field Engineers are seasoned veterans in the field of 
instrumentation. Their advice and help is yours for 

the asking. 


Taylor Instrument Companies, Rochester, N. Y., 
and Toronto, Canada. 


East Texas Pulp and Paper Co., Evadale, Texas. These Taylor 
Digester Control Panels, representative of their many uses of 
Taylor instrumentation, enable operators at this great new pa- 
per mill to produce some of the finest sulphate pulp and top 
grade paper board in the United States—at competitive prices. 


Entrance to Taylor Instrument Companies’ new offices and plant 
in San Leandro, California. The plant is capable of duplicating 
many manufacturing and repair techniques previously possible 
only at the company’s main Rochester, N.Y. plant. 


The Exchange Orange Products Co., Ontario, California. 
The Taylor controls on their plate-type juice heaters 
continuously regulate and record juice temperatures. 
Flow diversion valves automatically return any im- 
properly pasteurized juice for reheating. 


U & I Sugar Company, Moses Lake, Wash. In a beet sugar fac- 
tory, every B.T.U. must be effectively utilized. The Taylor co- 
ordinated control panel (center background) operates the 
multiple effect evaporators at maximum capacity, saves fuel, 
cuts Operator attention time, and assures a uniform product. 





‘Taylor Instruments 


ACCURACY FIRST 








IN HOME AND INDUSTRY 
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GM Swe Motor ov) 
JUARANTEED 


TO MEET ALL MIL. 
ENAVAN RCO) NELAt ANEW 
lO Or_-MBIOINis 


By specializing in 
servo motors only— not 
systems—G-M gives 
you these advantages... 




















@A broader line of servo motors 
in sizes and types to meet a wide 
range of applications. 


When reliability under extreme 
conditions is essential—specify 
G-M Servo Motors! G-M has 
long specialized in supplying 
precision servo motors to the 
Military Avionic Industry, 
especially designed to meet 


Write today for G-M charts, 


specifications, or consultation. 


Motor Generators 
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military specifications for hu- 
midity, salt spray, tempera- 
ture, vibration and altitude. 
Whatever your needs, let G-M 
build a servo motor with the 
right characteristics to perform 
to your specifications. 


Synchronous- 


owt 
(-M Servo MV 


manufactured by the Components Div 


@ Servo motors available in all the 
standard sizes. 


@ Standard sizes specially modified 
to meet specific circuit requirements 
— available ona quick-service basis. 


@ Creative engineering in design- 
ing special motors with special 
characteristics. 


@ Faster production— better service. 


olor's 


G-M LABORATORIES INC. 


4340 N. Knox Avenue e Chicago 41 
Hysteresis Motors — oe 
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How One Company 
Centralized 
Its Control Engineerin 


At duPont centralized engineering groups are geared 


to handle all the instrumentation and control problems. 


They design routine installations, trouble-shoot, 


and 


guided by their own original research, evolve advanced 


control schemes. They even test and improve compo- 


nents. Thus control engineering pervades all of du Pont’s 


well-rounded technology. 


From a control engineer’s viewpoint, E. I. du 
Pont de Nemours & Co. needs a new slogan. “Better 
Things for Better Living Through Chemistry” fails 
to do justice to a company technology that spawns 
almost as many machine control innovations as it 
does pure process advances. 

The fact is that after passing through a strictly 
chemical phase, many of the company’s myriad 
products must undergo elaborate mechanical pro- 
cessing—spinning, drawing, twisting, extrusion, 
calendering, winding, coating, slitting, cutting. And 
machine operations, like their chemical counterparts, 
must be precise to insure quality and yet minimize 
cost. This unusual blending of processing and 
fabrication with common control objectives has led 
to the formation of a unique and fruitful central 
control force and to systematized handling of control 
problems throughout the entire company. 

Each plant has its own instrument department, 
and many of the larger ones have full-scale control 
development groups. Three divisions of the Engi- 
neering Department include groups whose concern 
with instrumentation and automatic control makes 
them an aid to all plants. They are Design, Engi- 
neering Service, and Development Engineering. 
>» SELECTS AND DESIGNS: A Design group 
headed by W. A. Crawford selects instrumentation 
for new plants and designs their installation. Instru- 


ments must be proven reliable before this group 
specifies them. It cannot afford to plunge into the 
use of new instrument and control products the 
month they are announced. Plant construction sched- 
ules are tight, and instrument installation occurs in 
the last stages of building. With plant startup loom- 
ing, designers cannot take chances with measuring 
and control equipment that has not been proven in 
the field. The design group looks to Development 
Engineering for long- range control engineering devel- 
opment that will improve yields, lower costs, and han- 
dle new processes that operate at high reaction rates 
and sometimes at high pressure and temperature. 

> CONSULTS: The Engineering Service team, 
guided by John Johnston, consults with existing 
plants on product quality measurements, systems 
analysis, and instrument maintenance. His group also 
assists in new plant startup and semi-works engi- 
neering. Dynamic analysis is an effective tool in its 
activities. As trouble-shooting “doctors”, group mem- 
bers must have available the best measurement and 
control technologies. But when it comes to extensive 
laboratory facilities, they look to Development Engi- 
neering to provide them with the necessary equip- 
ment and techniques. 

> DEVELOPS: Two laboratories, Engineering Re- 
search and Mechanical Development, make up the 
Development Engineering Div. More than 50 per 
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Teer YP 


Bin 


Typical instruments developed by Victor F. Hanson’s 
Applied Physics Section operate on photometric, electro- 


1. Present day technology and commercially available 
equipment is capable of solving 80-90 per cent of the 
profitable instrument application problems. 

2. Special grcups should be set up in operating divisions 
to learn enough of the process details to appraise the 
beuefits of better measurements and closer control. 

3. Men qualified for the special groups must know 
mechanical, chemical, and electrical engineering, physics, 


mechanical, chemical, and physical principles. Some 
measure thickness, shape, color, density, and viscosity. 
Others contain miniature chemical plants to achieve the 
necessary analytical selectivity. 

Hanson says “‘ . the only processes that would not 
benefit from some of the modern instruments are those 


having yields of 100 per cent or better and zero labor 
cost.” His observations should be taken to heart by those 
who wish to exploit developments in control: 


and automatic control technology. 
Training programs should emphasize “doing”. 
Tackle economically attractive control problems. 


APPLIED PHYSICS SECTION 


SUPERVISORS DEVELOPMENTS 





R. C. McMILLEN 
J. M. MORRIS 
W. M. FLOOK, JR. 


Electronic optical equipment to continuously inspect products for flaws and defects, and to 
gage products “‘on the fly.” 





. G. GLASSER Photometric instruments for measuring chemical composition and color. Among commercially 


available instruments: the “Colormaster” colorimeter and the “Vapormaster’’ photoelectric 
analyzer for detecting trace quantities of toxic materials. Soon to be released is the Model III 
automatic photoelectric analyzer. An article in a forthcoming issue of the Journal of the 
Optical Society will describe this instrument. 





. L. McCARTHY Methods and apparatus to automatically determine the dynamics of existing processes for 


design of optimum automatic process control systems; and new primary elements to measure 
properties of polymers. 





. D. FRIEL Process stream analyzers involving x-ray and electrolytic techniques; instruments for accu- 


rately measuring temperatures of moving materials without making contact. 





. C. HOELL Electronic computers to reduce measured information into signals that feed directly to 


automatic control systems. 
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CONTROLLER DYNAMICS-—Investigation into the dynamics of 
pneumatic components produces data that manufacturers normally 


do not furnish. Not conceived as “consumer research” to rate com- 
mercial pneumatic controllers and transmitters, this investigation fer- 
rets out the physical relationships that govern the dynamics and 


statics of their pneumatic circuitry. 


MEMORY DEVICES — 
To close control loops on 
inspection and gaging jobs 
by automatically ejecting 
out-of-tolerance product, 
control engineers develop 
memory devices and cir- 
cuits that compute maxi- 
mum, minimum, and sta- 
tistical deviations. 


cent of the research and development in the Engi- 
neering Dept. is conducted with funds used to 
meet needs that the research scientists and engineers 
themselves recognize through their contacts with 
industrial personnel and through their knowledge 
of what advanced techniques can accomplish. ‘Their 
job is to pinpoint the fundamental problems com- 
mon to many plants rather than to single out those 
that are merely symptomatic and narrow in scope. 


SAMPLED-DATA-—In a sampled data control sys- 
tem, analog circuits compute weighting functions 
that are matched to the dynamics of a given process 
reaction. 


The balance of the laboratories’ projects, which are 
supported by other divisions of the Engineering 
Dept. or by the industrial departments, are largely 
applications of results of research and development 


to specific plant problems. Most of these projects 
are initiated by the laboratories’ staff, while the 
rest are taken from outside groups whose specifica 
tions cannot be met with existing commercial in 
struments or controls. 
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THE APPLIED 
PHYSICS SECTION CREATES 
NEW INSTRUMENTS .. . 


Du Pont’s design and construction of the Han- 
ford Engineer Works for the production of fissionable 
materials for the government required an entirely 
new line of instruments and control devices. As a 
result, the company recognized the need for a cen- 
tralized research and development organization to 
undertake the development of instruments for new 
plants then in the concept stage. An average of 
$100-150 million per year in new construction was 
contemplated for the post-war period. This required 
not only new designs in process equipment but radi- 
cally new concepts in instrumentation and control 
systems to make these plants operable. 

The Applied Physics Section was set up in the En- 
gineering Research Laboratory under Victor F. Han- 
son. Hanson (surrounded in first photo by some 
instruments developed by the section over the past 
few years) organized and directed the instrument de- 
partment at the Hanford plant. Although wartime 
developments had rocketed servo theory into a pow- 
erful tool for the analysis of control systems, it was 
recognized that until the desired property or quality 
could be measured it could not be controlled. To 
Hanson’s knowledge, all failures of automatic control 
systems in du Pont plants have stemmed from either 
improperly designed process equipment or from at- 
tempting to control one property on the basis of a 
measurement made on another property. 

Therefore, the Applied Physics Section has em- 
phasized the development of methods and equip- 
ment to continuously and automatically 
> measure chemical composition of flowing streams 
and moving webs 
> measure physical properties of liquids and solids 
> gage filaments and films 
P inspect products for defects 

Listed in the preceding table are the section’s 
group supervisors and developments for which their 
groups have been responsible. 

The financial returns for these developments have 
been extremely high. The instruments make contin- 
uous analyses of almost any gas, many liquid streams, 
and a few solids, and provide the first link in an auto- 
matic control system. Without them automatic con- 
trol of many processes would be impossible. 


ELECTRO-MECHANICAL 
RESEARCH STUDIES 
CONTROL BASICS 


Chief concern of Electro-Mechanical Research is 
control problems associated with the specialized proc- 
essing machinery conceived by the Mechanical De- 
velopment Laboratory. This Laboratory is adjacent to 
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the utilitarian Wilmington Shops, where much of 
du Pont’s plant equipment, unobtainable commer- 
cially, is fabricated. ‘The Mechanical Development 
Laboratory, which operates its own experimental 
shops, has personnel and precision facilities that 
reputedly are unexcelled by those in any other ma- 
chine shop on the eastern seaboard. 

While both Electro-Mechanical Research and Ap- 
plied Physics do fundamental control engineering 
development work, there are basic differences in the 
natures of their problems. In mechanical processes: 
> The physics are well known. There is energy trans- 
fer only; no mass transfer. 
> Engineers can write detailed mathematical models. 
> Characteristics either do not change materially, or 
their changes are definite and known. 
> Designers know exactly what they want mechanical 
systems to do; they can program operations. 
> Power and information handling can be specified. 
> Most measuring means already are developed. 

If so much is known, what can be the problems? 
E. P. Carter, supervisor of Electro-Mechanical Re- 
search, answers, “Speed and accuracy.” Accuracy of 
one-half per cent of full scale is adequate for most 
chemical process control, but when a machine must 
be positioned to one ten-thousandth of an inch in 
60 in., a different concept of accuracy arises. ‘This 
research, based on servo technology, was organized 
when Carter joined du Pont three years ago. Now 
coordinated by C. M. Albright, Jr., assistant director 
in charge of Electro-Mechanical and Mechanical 
Research, it is linked with chemical process control 
in that Albright was V. F. Hanson’s right-hand man 
during the Applied Physics Section’s first decade. 

Electro-Mechanical Research investigates the func- 
tions of mechanical process control; it does not at- 
tempt to solve single problems. The functions are 
those of the general automatic control loop: 
> Information handling, including measurements and 
the generation of commands. 
> Power amplifiers, such as magnetic amplifiers, am- 
plidynes, thyratrons, and transistors. 
> Power drives: electric motors, modulating clutches, 
variable speed drives, hydraulic rams and motors. 

The extreme accuracy requirements of mechanical 
positioning led very quickly to digital servomechan- 
isms. The nucleus of technicians and engineers who 
developed the three-coordinate digital director are 
keen to put their experience at the disposal of design 
engineers in the other engineering sections. ‘They 
hold out promises of extensive improvement and 
simplification in the procedures of working metal 
from the designer’s slide rule to the finished part. 
When the geometry of a complex piece is known, 
there is no need to make numerous detail drawings. 
Instead, the director’s computer figures out the spe- 
cifications and prepares a punched tape that then 
serves as a three-coordinate program for the machine 
that makes the piece. Redundant and missing in- 
formation, as well as interferences not predicted by 





E. P. CARTER 
STRESSES ‘‘SPEED 
AND ACCURACY’... 


.. . AND THE 
TORTURE RACKS 
PROVE IT 


E. P. Carter demonstrates the Hydraulic Servomechanism Stand. An electronic 
low frequency function generator provides sinusoidal commands for hydraulic 
positioning system consisting of an electro-hydraulic valy €, a two-in. diameter ram 
driving the 785-Ib table shown in the foreground, velocity and positioning pickups, 
and electronic power amplifiers. Electro-Mechanical Research has obtained closed 


loop frequency response flat to 35 cps with this system. 


draftsmen with one dimensional visualization, are all 
eliminated by the director. 

The research in power drives is channeled into 
positioning servos and velocity servos. Positioning 
servos must provide fast and discontinuous motions 
to precise coordinates with rigidity. Pneumatic sys- 
tems, because of problems of compressibility and 
cleanliness, are questionable. Therefore the investi- 
gation pinpoints electro-hydraulic valves, high-pres- 
sure hydraulic rams, and the transmission of fluid 
power through conduits. 

Velocity servos are the continuous flow controllers 
of such mechanical processes as spinning, web-form- 
ing, and stretching. The search is for accurate speed 
drives at low cost. Although existing systems for 
ratioing metering pump speed to draft speed for 
denier control can maintain ratios up to a certain 
point, still better control is needed and at a prac- 
tical cost break-even point. Even components 
developed for military control systems do not provide 
the accuracy, ruggedness, and dynamic range required. 


i 


Torture racks determine the 
complete dynamic power han- 
dling characteristics of motors, 
magnetic and friction clutches, 
variable speed drives, tach- 
ometers, and amplifiers. High- 
speed dynamometers made in 
the laboratory determine the 
torque speed excitation curves 
of vertical-shaft and horizontal- 
shaft rotating components (near 
right and far right cuts, respec- 
tively). 





A very important phase of the velocity servo pro- 
gram is the testing and improvement of components, 
A torture rack, fitted with a dynamometer, de- 
termines complete dynamic power handling charac- 
teristics of all components. 


Feedback to the Plants 


Field evaluation of instruments and control fur- 
nishes know-how to plants in the most direct way. 
In addition, both the Engineering Research and 
Mechanical Development Laboratories publish com- 
plete reports on all projects. After successful field 
evaluation, the Laboratories publish bulletins that 
indicate the probable cost, performance specifica- 
tions, and availability. 

The bond between du Pont’s mechanical and 
chemical processing is control engineering. It is the 
same basic practice, tailored to the application, that 
engineers apply to guided missiles, submarines, 
ordnance, steel mills, food processing plants, machine 
tools, and paper mills. 
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EDP NOW TAKES ON 


Automatic 
Production 
Inventory 


Control 


E. D. LUCAS, JR., Los Angeles, Calif. 


Electronic data processing having 
come of age coping with complex en- 
gineering and scientific problems in the 
laboratory—now is ready for the daily 
chores of industry. But as the pioneers 
are discovering, industrial data proc- 
essing problems are far from simple. It 
takes even more study and planning 
to secure the proper system and pro- 
gram for a “routine” in-plant job. Mr. 
Lucas, a Los Angeles consultant, sur- 
veys the hardware and its readiness 
for industry. While he focuses on 
Southern California, his observations 
cover equipment available in the other 
47'2 states for helping factories keep 
afloat in a sea of paper. A table at the 
end of the article summarizes what's 
available—and at what price. 
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Input 


Issues 
or shipping 
reports 





| 
| 
| 
Receipts or reports 
from incoming ————>——— 


inspection 


Orders 
from 
customers 








Inquiries 
from 
customers 








Assume that the management of our company 
says: “What can we do to install an electronic system 
for handling inventory?” Let’s take a quick look at 
what we would do to define the problem generally. 
We study what certain manufacturers of electronic 
data-processing equipment (EDPE) have done to 
help specific users to solve this problem of inventory 
control. We look for a system that will: 
> Keep inventory at the minimum safe level. 
> Keep an accessible record of all inputs to, and 
withdrawals from, inventory of all items. 
> Provide the necessary printed reports (daily, 
weekly, monthly) to the production, purchasing and 
expediting, sales, and accounting departments. 

> Reduce the load on clerical staffs and reduce the 
number of people required for strictly routine 
tasks. Human beings do the job better where 
decisions involving judgment are necessary. Ma- 
chines excel at routine work, don’t tire with sea- 
sonal or peak overloads. 

> Gain enough savings in personnel, materials, and 
time so that the new EDPE installation will pay 
for itself in a reasonable time—say within five 
years. 

> Deliver promptly and accurately essential statis- 
tical information as well as being useful for other 
purposes, such as payroll preparation, sales analysis, 
and engineering problems. 





Output Forms 


Recorded On Any or All Ports and 

of These Input Devices Computer Continually _ = 
Revises Master Files and 

Electric typewriter Issues Reports Electric 

or keyboard - pe a Purchase 

P—~ requisitions 


High speed 
ahioas Expediting 


instructions 


general purpose 








digital 
Punched business 
cards 

















Materials 
inventory 





Master files on magnetic tape machines 
or magnetic drum or cores or punched cards 


The importance of this problem on a national Transactions may be transferred directly to the 
scale is indicated by a leading business executive's computer by a Flexowriter or some other electric 
recent estimate that U. S. industry has an annual typewriter suitably modified to feed binary-coded 
inventory worth about $30 billion. He also stated impulses to the computer, or by a keyboard con 
his belief that the amount of our national inventory nected either directly to the poe tocton or through 
could be trimmed approximately 25 per cent by the a magnetic drum. 
use of modern control methods and prompt relaying 
of information to management. THESE SWALLOW INFORMATION 

For a preliminary look at how an electronic sys- 
tem fits into the general problem of inventory and 


production control, the block diagram in Figure Figure 1, namely reports from the receiving depart 


1 is a starting point. ment, from incoming inspection, orders from 
As items are issued by the shipping department, — customers, etc. 


a report is prepared. There are several methods for In ‘ge eneral, where there is a large volume of data 
doing this so as to make the information suitable every » day, the information might be prepared by 
for rapid and convenient input to a computer. numerous Flexowriter operators. Then the punche: d 
> Transactions are recorded on a Flexowriter, an _ paper tapes prepared by all these machines, together 
automatic electric typewriter that records the data’ with a suitable program also punched on paper 
in typewritten “hard copy” and punches the same _ tape, would be put into the computer by a high speed 
information simultaneously on paper tape in binary photoelectric tape reader. Whereas a single Flexo 
code. writer with a fast typist provides a maximum speed 
> ‘Transactions may be similarly recorded on other of 10 characters per sec, the ElectroData photoelec 
types of business machines, such as a National Cash tric reader can read information into the computer 
Register adding machine, which also provide a at more than 500 decimal digits per sec. 
visual typewritten record and simultaneously If for some reason it is desirable to use punched 
punch paper tape. cards, these may be read into the computer by a 
> Transactions may be recorded on punched cards modified IBM gang summary punch. For example, 


(IBM or Remington Rand) by a key punch. the NCR computer models CRC-102A and 102D, 


The same techniques apply to the other types of 
information designated as “Input” at the left of 
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as well as the Readix made by J. B. Rea Co., utilize 
a modified IBM 523 and have input speeds of 65 
digits per sec (NCR) 
(Readix). The ElectroData computer will accept 
inputs from IBM 513, 514, 517, and 523 machines 
at 150 digits per sec, or from the IBM 528 at about 
300 digits per sec. 

There are also available punched card-to-tape con- 
verters for both punched paper tape (IBM and 
RemRand) and magnetic tape (Magnavox). These 
converters make possible considerably higher input 
speeds than the card readers, because the paper 
tape is read by a photoelectric reader at up to 
540 digits per sec, and magnetic tape data may 
be fed into the computer at 600 characters per sec. 

Before considering the operations of the computer 
itself, it is logical to consider the master files asso- 
ciated with the machine and usually maintained on 
magnetic tape. Typical magnetic-tape-handling units 
associated with computers have the advantages of 
large storage capacity and rapid access to data. For 
example, the NCR unit, Model CRC-126, has a 
storage capacity of about 7,245,000 decimal digits or 
5,000,000 alphabetic characters on 1,200 ft of 1-in. 
tape; and information can be read from this tape or 
recorded on it at speeds up to 600 characters per sec. 
As many as seven of these tape-handling units mav 
be used with a single computer, permitting a “library” 
of over 50,000,000 decimal digits, if desired. Another 
typical tape-handling machine, for use with the Elec- 
troData computer, stores 1,600,000 decimal digits 
on its 3-in. tape and permits reading or recording 
at speeds up to 4,000 characters per sec. As many 
as ten of these units may be connected to a computer. 

Another possibility for storage of large quantities 
of regularly used data is the large magnetic drum 
developed by Logistics Research, Inc., which utilizes 
floating heads to read and record information at 
rates up to about four characters per sec. A typical 
large drum, Figure 2, has a storage capacity of 
2,500,000 decimal digits. 

The most modern technique for auxiliary storage 
is ferromagnetic cores assembled into matrices con- 
taining as many as 500,000 cores. Each of these 


and about 150 per sec- 


cores can store a binary digital number, and access 
time is measured in microseconds rather than milli- 
seconds as with magnetic tape or drums. Wider 
use of core memories for auxiliary storage will come 
as the costs of these matrices are reduced and as 
more experience is obtained in using them. Much 
development work is proceeding in this field, and 
much more is needed before the technique becomes 
as generally useful as present magnetic-tape units. 


. . . AND THESE DISGORGE IT 


Output devices associated with a general-purpose 
digital computer are similar to those previously 
considered in connection with input. The informa 
tion may be punched on a high-speed paper tape 
punch at speeds of 60 characters per sec, and then 
the tapes may be transferred manually to operate 
several Flexowriters simultaneously, each typing from 
a section of the master tape at a rate of about 9 
characters per sec. Or, if slower output speed is 
satisfactory, a Flexowriter punch will prepare tape 
at about 14 digits per sec; or a single Flexowriter, 
coded to meet the output requirements of the 
specific computer, will type at 9 per sec. 

Higher speeds may be achieved with punched 
cards, using the computer to operate such machines 
as the IBM 513, 514, 517, 523, and 528 at speeds 
up to 150 decimal digits per sec. ‘These punched 
cards must then be read and the information 
printed out by a tabulator. ElectroData, for example, 
has developed outputs directly to IBM line tabula- 
tors—such as the 402, 407, and 416—with speeds 
from 100 (402) to 150 lines per min and up to 
8 numeric words per line, or up to 150 digits per sec. 

Still faster is recording the computer output on 
magnetic tape, and using the magnetic tape to operate 
as many as three line tabulators simultaneously. ‘This 
makes possible an output of up to 450 digits per sec. 

Coming in the near future are page printers, using 
photoelectric and television-type technicues, which 
are expected to permit much higher speeds of printed 
output. 

As may be seen at the right of Figure 1, the 


Logistics Research memory drum (left of center) can store 2.5 million decimal digits. FIG. 2 
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printed output from the computer may be pro- 
grammed to provide any or all of a variety of useful 
information prepared automatically, including parts 
and materials requisitions to the purchasing depart- 
ment, or purchase requisitions to suppliers, or expedit- 
ing instructions, production and shipping orders. 


THE COMPUTER IS THE HUB 


In this survey of an electronic system for handling 
inventory and production control data, we have 
temporarily neglected the computer. In general the 
computer is programmed to revise the master files 
—usually contained, as we have seen, on magnetic 
tape machines connected to the computer—based 
on information provided by input devices, and to 
issue reports in typewritten or tabulated form. 

For a more specific description of its functions, 
here is a discussion of how a computer can be used 
in connection with issues from a manufacturer’s 
stock room, as prepared by the NCR Electronics 
Division’s applications staff. 

A punched paper tape of the daily transactions 
from the stock room is placed in a high-speed photo- 
electric reader connected to the computer, which 
then performs the following operations automatically, 
with no further operator intervention, according to 
a previously-programmed routine: 

1) Reads into the computer the paper tape of 
the daily transactions, including stock number, debit 
account number and quantity, credit account num- 
ber and quantity, and other data as desired. 

2) Sorts in order by stock number, and records 
data on the magnetic tape master file. 

3) Summarizes the quantity by stock number, 
and records on magnetic tape. 

4) Brings inventory record on magnetic tape up 
to date by subtracting quantity from balance on hand. 

5) At the same time, picks up the unit price 
and records it on magnetic tape. 

6) Prints out an inventory control reorder and 
critical balance report, including all data on stock 
numbers requiring action by management. This is 
done by adding the new balance to the on-coder 
quantity and comparing it with a predetermined 
reorder point. The computer then automatically 
prints out all data on stock numbers where the 
reorder point has been reached. 

7) Compares the new balance with the low limit 
and prints out all data on stock numbers where 
the new balance is at or below this low limit. 

8) With unit price known, extends the quantity 
of each stock number on each requisition. 

9) Sorts and summarizes by debit account. 

10) Sorts and summaries by credit account. 
11) Reports out daily inventory cost distribution. 

The same system would also be used to process 
punched paper tape obtained daily from the receiv- 
ing department, and while doing this would adjust 
the new average price of each item automatically. 


CASE STUDY ON 13,000 ITEMS 


An elaborate study of electronic data-processing 
equipment as applied to inventory and accounting 
control of materials and supplies was made recently 
by Southern California Gas Co., Los Angeles; and 
ElectroData Corp., Pasadena. 

The inventory to be controlled consists of 13,000 
items used by the utility in new construction or 
maintenance. About 6,000 are standard supplies 
with considerable issue and _ receipt activity. 
Materials are stocked in about 30 warehouses, with 
over 50 per cent by dollar volume and number of 
items stored in a central warehouse. 

Consumption of the inventory occurs in several 
different ways. Individual issues are made at any 
of the outlying storerooms. Issues are also made 
directly from the central warehouse, or consumption 
may occur through usage by a contractor who is 
considered to maintain an outlying storeroom. Issues 
from the central warehouse can be in the form 
of transfers from this warehouse to outlying store 
rooms, or they can be direct issues to operating 
personnel for immediate consumption. 

Objectives of the program were as follows: 

>To supply inventory control personnel with 
information enabling them to mect the needs of 
operating personnel in the field at all times. 

> To allow inventory control personnel to mini- 
mize the dollar value and the obsolescence of the 
inventory maintained, hence conserving capital. 

> To furnish inventory control personnel with in- 
formation to govern their requisitions to the pur- 
chasing department for replacing inventory. 

> Wherever possible, to contribute to the organi- 
zation and planning of the warehousing personnel 
work load, thus minimizing labor costs. 

>To provide sufficient checks and controls so 
that accounting personnel may monitor and audit 
the operation for efficiency and integrity. 

> To supply accountants with accurate consump- 
tion data distributed by expense accounts. 

At present, the inventory of the utility is con- 
trolled solely on the basis of stock levels at the 
central warehouse because it has not been economi- 
cally possible to keep track of items in the outlying 
warehouses. The new electronic system, by per- 
mitting more rapid access to information, will operate 
on the assumption that the utility's inventory will 
be even further centralized, with perhaps 90 per 
cent of all issues handled from the central warehouse. 
The stocks of materials in outlying storerooms will 
be limited to emergency stocks, and their size will 
be set by establishment of maximum and minimum 
stock levels. The monitoring of these stock levels 
will be done by the utility's auditors, and only those 
outlying storerooms maintained by major contractors 
and geographically distant divisions of the company 
will continue to warehouse more than emergency 
supplies. From an accounting standpoint, the dollar 
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Compact general-purpose Bendix G-15A_ com- 
puter costs $44,750, including Flexowriter. FIG. 3 


value of materials in the total system will consist 
of the dollar value of items in the central ware- 
house, plus a small percentage of material in the 
outlying controlled locations. As a further aid to 


monitoring emergency supply levels, stock consump- 


tion figures will be computed at regular intervals 
and will indicate, by geographical location, when 
consumption is rising above normal emergency usage. 


A system of preposting will permit recording of issue 


transactions before the fact, analysis of the stock con- 
dition before trouble occurs, and effective schedul- 
ing in advance of warehouse labor loads. 

The basic approach of the new electronic system 
in this application is the “one-pass” method of data 
processing. ‘lhe flow of information is along the lines 
indicated in Figure .1. Incoming documents supply 
their information to the computer through Flexo- 
writers preparing punched paper tape, read by a 
photoelectric reader; or by teletype to punched cards, 
or by punched cards through a card reader. One 
master file of information is maintained on several 
magnetic tape machines; and another magnetic tape 
unit carries a file of specialized information such as 
back orders, the daily record of transactions, etc. 

The computer is programmed to: 

> Maintain balances. 

> Indicate ordering action. 

> Maintain accumulations for reports. 

> Analyze contractual status. 

© Correct the files. 

> Answer queries. 

> Locate acceptable substitutes. 

> Locate best alternate source of supply. 

> Produce daily record and back order record. 
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> Process exceptions and back orders. 

> Schedule warehouse work load. 

Output of the computer is programmed through 
a card punch to an IBM 407 line tabulator, with 
answers to queries (assumed to be much less numer- 
ous) typed out on a Flexowriter automatically. 

It is interesting that 1,000 consecutive decimal 
digits are provided in the master magnetic tape 
file for each code number. That is, a complete file 
is maintained with ready access to the following: 


Numerical Alphabetical 
ENTRY No. of Digits No. of Digits 
6 
Description . 
Unit of Issue 
Price ( Average) 


20 (mixed 


Location 
>x 20 locations 
Balance | 
Purchase Requisition 
Purchase Order 
Date Due.. 
Quantity 
Minimum Level (also Order Factor) x 30 
Issue Quantity Check Value 
Net Issues to Date x 20 
Analytical Factors 
User; Bulk; Perishability; Future 
Trend Factor (History) 
Last 12 months’ usage 
Next to last 12 months’ usage 
Next to last 12 months’ usage : 
Next to last 12 months’ usage 2 
1 
1 


|x 4 open orders 


Stores Expense Code... 
Miscellaneous posting and accumulation 29 


956 22 Alpha. Char 
44 Decimal Dig 
Total: 1,000 Decimal Digits 


Note that one section is devoted to general descrip- 
tive information for each item or code number. A 
second section describes the purchase order status 
or commitment status of this item. A third section 
records balances on hand and the locations of these 
balances. The final section carries cumulative totals, 
historical data, analytical factors for computing 
reorder quantities, and other posting. 

Thus complete information about each code num- 
ber is contained in 1,000 consecutive decimal digits, 
held together as a unit. Each code number then is 
contained in a consecutive series on reels of mag 
netic tape in the master file. 

Daily activity, such as information concerning 
issues, receipts or purchases, is introduced into the 
computer to be matched with the master record for 
the appropriate code number in the correct section 
of the descriptive material carried on the master 
tape for that code number. This is the form: 


Numerical 


ENTRY No. of Digits 





Location. . ot 2 
Code... 6 
Quantity... 7 
Account No. or Purchase Order No 8 
Transaction Code. . 1 
Document Number 





With this system, when an issue of a certain item 
takes place, the following sequence develops: 

(1) ‘The balance on hand is adjusted down. 

(2) If this adjustment causes the balance to fall 
below a minimum level or an order level, the 
computer examines the commitment schedule to 
determine whether a record is necessary. 

If a reorder is indicated, the computer ex- 
amines the various tactors used to compute a 
Henderson-stock-replacement-formula quantity and 
arrives at a tentative ordering quantity. 

(4) The computer adjusts this tentative quantity 
by using stored analytical factors relating to type 
of use for the code number, bulk of the code num- 
ber, perishability, and projected future usage. (‘These 
last two steps are now performed by the utility 
company’s materials analysts, who extract informa- 
tion from several files, use a hand method of com- 
putation, and then adjust the results according to a 
personal “seat-of-the-pants” observation.) 

(5) Having arrived at a suitable course of action, 
the computer causes to be printed out the informa- 
tion that the purchasing department should supply 
the derived quantity of this code number. 

(6) Completing its travel through the program for 
the operating personnel, the computer produces an 
order-picking or shipping document (either properly 


sorted by location or in the appropriate section of 
the central warehouse) from which the order would 
be picked and assembled with other orders for the 
same user for ultimate shipment from the warehouse. 
(7) The computer records this issue under the 
account heading for proper expense distribution. 
Incidentally, for those who may wish a graphical 
picture of such trends in place of a digital report, 
it is quite feasible to connect any one of several 
automatic plotters, ranging in price from about 
$3,000 to $18,000 (depending upon the speed, versa 
tility, size, and number of plots, etc.) to the output 
of a computer, or to be operated from punched 
paper tape produced as output from a computer. 


WHAT'S AVAILABLE—AT WHAT PRICE 


Before making a decision as to which type of 
computing system to purchase, or to recommend 
to management, you naturally must consider your 
budget as well as the specific requirements of the 
problem. It is quite possible in many cases that 
a machine such as the Readix or Bendix G-15A, 
Figure 3, in the relatively low price class, along with 
associated input-output equipment, will serve well. 
The table below—while far from all-inclusive—may 
help you in your selection. 


GENERAL PURPOSE COMPUTER COMPARISON CHART 








Name and Manufacturer 


Electro Data Computer 
Electro Data Corporation, 
Pasadena, California 
ital Price: $125,000 
CRC102-A and CRC102-D 
The National Cash Register 
Company-Electronics 
Division 
Hawthorne, California 
scnainan Price: $95,000 


Bendix G-15A 
Bendix Computer Division 
Los Angeles, California 

Dans Price: $45,000 


Readix 
J. B. Rea Company, 

Santa Monica, California 
Approx. Price: $55,000 
Alwac III 
Logistics Research, Inc., 
Redondo Beach, Calif. 

Approx. Price: $60,000 





Internal 
Memory System 


Magnetic Drum, 
4000 words 
Quick Access, 80 words 


Magnetic Drum, 
1024 words 
Quick Access, 8 words 


ara tic Drum, 
2160 words 
Quick Access, 16 words 


Magnetic Drum, 
4000 words 
Quick Access, 160 words 


Manette Drum, 
4096 words 
Quick Access, 160 words 





Average 
Access Time 
(millisec.) 


0.85 (quick) 


Arithmetic 





Average 


(millisec.) 








lime 


. |Divide 


12.0 


Word Length 


42 bits 


10 decimal 
digits and sigr 


42 bits 


9 decimal 
digits and sigt 


29 bits 


7 decimal 
digits and sign 


42 bits 
10 decimal 


digits and sign 


32 bits 
7.5 decimal 
digits and sign 








Number of 
Commands 
approx. 


50 


Single address 


28 


Three address 


33 


Two address 


59 


Single address 


78 


Single address 
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Timers Pace 
Automatic Production 


Control timers range in complexity from a simple 
switch that opens ond closes on a timed basis, to 
time-schedule controllers that can pattern the tem- 
perature of ovens in an elaborate process. ‘lhus 
essentials in selecting a control timer are first, picking 
one of five basic functional types, and second, choos- 
ing a specific unit. ‘This choice is based on length 
These articles are based on mate- of time intervals, setting and repeat accuracy, 

schedule adjustment, etc. 
rial to be published in the forth- The five functional types are time switches, 
interval timers, time-delay relays, time-cycle control 
lers, and time-schedule controllers. ‘l'abulated on 
the following pages are descriptions of each type, 
diagrams of typical commercial models, and common 
trol Handbook”, Douglas M. Con- applications, 
But before selecting a specific timer by consider- 
sidine, Editor-in-Chief, McGraw- ing the table of selection factors, it helps to know 
how timers are made and the characteristics of their 
pe component parts. These include the timing means 
Hill Book Co. taaeine oe driving ), starting means, setting and 
control means, load contacts, and indicating means. 
For this information refer to 4 Questions about Con- 
trol Timers in the August issue of Conrrot ENcI 
NEERING. 


J. E. GRAHAM, Bendix Aviation Corp. 


coming “Instrumentation and Con- 


SOME BACKGROUND READING 


. THE ELECTRONIC CONTROL HANDBOOK, TROL, Kloeffler, R. G., pp. 220-221, 230-234, 341 
Batcher, R. R., and Moulic, W. E., Caldwell- 348; John Wiley and Sons, Inc., New York, 1949. 
Clements, Inc., New York, pp. 178-95; 275-94; . INDUSTRIAL TIME CONTROLS, Mecklen- 
1946. borg, R. H., “Product Engineering”, Vol. 20, Nos. 
SELECTION AND APPLICATION OF CON- 2, 3, 4; February, March, April 1949. 

TROL TIMERS IN MACHINES, Blecker, V. C., 7. TIME CONTROL MECHANISMS, Mecklen- 
“Machine Design”, Vol. 24, No. 4, pp. 201-207, borg, R. H., “Machine Design”, Vol. 20, No. 7, 
April 1952. pp. 132-137, July 1948. 

. RECORDER AND TIMER FOR SHORT IN- 8. TIMING RELAYS, Ponstingl, J. E., “Machine 
TERVALS, Bliss, W. H., “Electronics”, Vol. 20, Design”, Vol. 23, No. 4, pp. 131-141, April 1951. 
No. 11, pp. 126-127, November 1947 _ ELECTRICAL TIMING DEVICES, Reeves, 

. SOME NOTES ON THE DESIGN AND APPLI- F. E., “Electrical Manufacturing”, Vol. 42, No. 3, 
CATION OF ELECTRO-THERMAL RELAYS, pp. 114-119, 160-168, September 1948. 

Dietz, J. J., “Symposium on Electro-Magnetic Re- . TIMING ENGINEERING, Saake, M. G., Ribble 

lays”, Oklahoma Agricultural and Mechanical Col- Engineering Co., Jersey City, N. J., 1953. 

lege, February 1954. . MEASUREMENT OF TIME, ASME Power Test 
. INDUSTRIAL ELECTRONICS AND CON- Codes, 1942. 
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1. 


CONSIDER THESE ELEVEN FACTORS WHEN SELECTING A TIMER 


LENGTH AND RANGE OF TIME INTERVALS 


Depends on choice of driving means. Motor 
driven timers usually are best for intervals over 
3 min, electronic types for 1 sec or less. 


. SETTING AND REPEAT ACCURACY 


Setting accuracy depends on the readability and 
calibration of indicating dials and scales, and on 
lost motion in component parts. If settings are to 
be altered frequently, blind or awkward adjust- 
ing means such as split cams, stop screws, change 
gears, and cams should be avoided. 

Repeat accuracy is more important. It depends 
on the choice of driving means. 


. POWER SOURCE 


Frequency-controlled ac is best source for 
motor-driven timers because of its inherent tim‘ng 
characteristic. Except for capacitor and flux-decay 
relays, ac is also suitable for most driving means. 
In relay devices, constant voltage is more impor- 
tant than constant frequency. 

De motors are larger, more expensive, less 
reliable, and less accurate than ac drives. It is often 
cheaper to convert de to ac. Where high torque 
is not required, the inaccuracies of de or unregu- 
lated ac can be overcome by using electrically- 
wound esc: ipement- regulated spring ‘moters. 

Electric timers in explosion- proof housings are 
best for hazardous locations. But spring or air- 
driven timers usually are cheaper. 


POWER FAILURE 


If power fails, timer: resets—fully or partially— 
depending on inherent resetting period and dura- 
tion of power interruption; stays in interrupted 
position and resumes timing on power restoration; 
or continues without pause. 

If electric drives are to continue after power 
failure an auxiliary driving means is required, such 
as an automatic electrically wound spring drive. 
Operating characteristics on power failure are par- 
ticularly important in selection of reset timers. 


. NATURE OF CONTROLLED CIRCUITS 


The operating medium of the controlled equip- 
ment determines the form of timer load circutt. 
Electric load circuits with voltage or frequency dif- 
ferent from driving means must be wired separ- 


ately. Air is used where process valves are oper- 
ated, or in hazardous locations. Hydraulic oper- 
ators are compact and give high operating forces. 

Make sure there are sufficient load contacts or 
poppet valves to handle load circuits and they 
have adequate capacity if no relay devices are used. 


6. NUMBERS, SEQUENCE, AND DURATION OF 


FUNCTIONS PERFORMED 


If the control cycle is complex, a timing diagram 
assists in setting specifications. Time 1s plotted 
as the abscissa, and the load circuit operation, or 
the range of a variable, as the ordinate. 


. INITIATION OF TIMING 


Timers are started manually or automatically. 
And if they're electric, by the momentary or sus 
tained opening or closing of control circuits. 


. ACTION ON COMPLETION OF TIMING 


A timer either repeats its cycle continually or 
stops at the end of one cycle. Most stop- cycle 
timers must be reset manually or automatically. 
The exception is the cam timer, whose speed may 
be proportional to cycle length. If reset is automa- 
tic, it occurs either immediately or on the opera 
tion of an external control contact. 


. SCHEDULE ADJUSTMENT 


If no change in cycle is required, it is often 
cheaper to use a timer with fixed settings. If aging 
or component wear cause drift, a simple non- 
indicating adjusting device can be used. 

For occasional adjustment, split cams, rheostats. 
change gears, cut cams, and movable pins and 
dogs are satisfactory. 

Where settings are changed frequently, a gradu 
ated dial with knob and pointer is desirable. Some 
have push-buttons for setting schedules. 


. INDICATION OR RECORDING 


Need for indication depends on the frequency 
of setting changes, degree of setting accuracy, and 
length of cycle. Often the absolute value of a 
setting is not as important as an indication of 
time elapsed or remaining. Repeat-cycle timers 
usually have no indicating means; the setting is 
made initially by cut and try. A visual or audible 
warning is often more helpful than a scale. 


. LIFE EXPECTANCY 


The fewer the timer’s moving parts, the longer 
its life will be. Repeat-cycle timers usually outlast 
reset timers with clutches and spring returns. 

Ac motors will outlast dc motors. An electronic 
timer will operate for more cycles than a motor 
driven one, if the ratio of number of cycles to 
hours of tube life is high. Flux-decay relays out 
last hot-wire relays. 

Sealed housings and vibration mounts will 
extend life. Load contacts should be adequate to 
withstand any inrush or sustained load. 
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THE GIST: Monitors gather useful information concerning the 
dynamic operation of a plant or process. Just how vital this infor- 
mation is greatly depends on the type and complexity of the moni- 
toring system. To help those interested in monitoring, or automatic 
supervisory, systems, CONTROL ENGINEERING has conducted this 
survey of equipment available from some of the prominent com- 
panies in the field. 

This equipment, ranging from simple alarms to comprehensive 
readout systems, is discussed in some detail; an accompanying 
table contains such facts as functions, accuracy, scanning rate, and 
price per point. 

The general discussion of monitoring, which precedes the de- 
tailed descriptions, is important: installation, maintenance, scan- 
ning or continuous systems, centralized or zone arrangements, 
suitable transducers, and basic circuits all play an important part 
in selecting the proper monitor. At the end of the article a case 
history describes an installation of monitoring equipment in an 
electric generating station. 


Monitors Safeguard 


Industry's Processes 


Monitoring relieves operating personnel for their — Information 
main function—operating the plant. The human 
bias and error introduced in manual logging of dis- 
crete bits of signals is not present in automatic super- 
visory equipment. Hence the information produced 
is far more reliable. Freed from the tedious task of 
gathering voluminous (and perhaps unsuitable) 
data, the human operator can concentrate on under- 
standing his process and improving plant efficiency. 
This knowledge is vital in coping with an emergency, 
where correct and expeditious action is needed. 

Some questions to show the scope of monitoring 
were posed: 

> Is the monitor primarily a safety device, sounding 
a warning and shutting down equipment? 

P Will records be needed for analysis or cost 
accounting? ; 

P Are trends more important than actual values ‘ : 
ok Gee wen? Scanning or Continuous? 

P Does monitoring just mean additional expendi- Continuous monitoring means all points are 
ture, or will there be a return through more _ watched at all times. The circuit for each point con- 
efficient use of manpower? tains its own measuring system. In scan monitoring, 

> What about maintenance—is it a lot or a little? on the other hand, one point at a time is watched. 


Monitors provide information. ‘lhe types of in 
formation range from simple alarms to elaborate 
printed records and punched tape. Some devices will 
even digest, compute, and spew forth results more 
useful than the original data. Every application 
requires its own type of readout. 

There are applications in many areas—power gen- 
erating plants, chemical plants, refineries, steel mills, 
atomic reactors, pumping stations, and wind tunnels, 
as well as the prosaic manufacturing plants. ‘The 
reasons for monitoring are varied—protection of per- 
sonnel and equipment, improvement of product 
quality and process efficiency, reduction of plant 
equipment maintenance, and gathering of extensive 
data during start-up of operations. 
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A scan monitor sequentially programs from point to 
point, and one measurement system is shared by all 
points. 


Scanning rate means the number of points covered 
per unit time. The total number of points multi- 
plied by the scanning rate equals the elapsed time 
between successive measurements of the same point. 
This time should be in tune with the speed of the 
process so that a dangerous condition can be detected 
in an early stage and corrected. 

The measuring unit in continuous monitors usually 
is a differential amplifier or a magnetic relay. Because 
these are relatively inexpensive, it may be worthwhile 
to use one for each point. The output of a con- 
tinuous system may be merely an alarm and, possibly, 
an indicator. 


In scanning, on the other hand, hundreds of trans- 
ducers are handled with one measuring system. High- 
speed switching of transducer selectors creates noise 
that appears as an error at the output of the measur- 
ing system. Minimizing this effect and adding null 
balancing for analog or digital recording makes this 
type of measuring device expensive unless it covers a 
large number of points. 


BASIC MONITORING 
CIRCUITS 


Basic circuit of resistance bridge commonly employed 
with resistance temperature detector, resistance-type 
pressure gages, etc. In measuring temperature, for in- 
stance, when detector resistance equals preset R3 (RI 
equals R2), the bridge is balanced, and the measuring 
circuit (MC) detects this balanced condition. ‘Tempera- 
ture is determined from known resistance-temperature 
characteristic of the particular detector. This circuit can 
be made self-balancing by standard techniques. FIG. 2 


TRANSDUCERS 


Transducers convert physical quantities into 
analog input signals for the monitor. In order to mix 
different variables in the same system, it may be 
necessary to “signal condition” some outputs into a 
more serviceable form. In the case of monitors that 
detect voltages, for example, it is not necessary to 
condition thermocouple output which is expressed 
in millivolts. A resistance potentiometer, on the 
other hand, when positioned by a pneumatic trans 
ducer, converts pressure to voltage. 

Transducers in monitoring systems include: 

Thermocouples 

Resistance temperature 
detectors 

Strain gages 

Level detectors 

Pressure gages 

Flow transducers 

Tachometers 

pH cells 

‘Transducer installation on a boiler feed pump is 
shown in Figure 1. A resistance detector (insert) 
measures bearing temperature. 


Resistance temperature detector feels the 
bearing temperature of a boiler feed pump. 
Detector in insert has a head that permits 
quick removal without dismantling conduit 
of equipment. FIG. 1 


Resistance 
detector 
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MONITOR INSTALLATION 


Experience shows that installation of monitor- 
ing equipment can be expensive. Labor includes 
running conduit, pulling wire, drilling detector holes 
in equipment, and installing fittings. Mounting of 
transducers and tracing their conduited interconnect- 
ing wires add to this labor cost. Under material costs 
are the many thousands of feet of wire and conduit. 
The present survey shows that the actual or esti- 
mated cost of installations (material and labor) 
varies from one to four times the cost of the moni- 
toring equipment itself. And often transducers 
alone cost more than the basic equipment. 








Control 
room 
2 wires 
for alarm 





Ann 











Tom | 
| cM fF 


Typical zone monitoring arrangement shows how information 
from many points (continuous monitors) can be brought back 
to the control room through two wires. Annunciator operation 
advises of trouble in a particular zone, but not in the point 
involved. FIG. 4 
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Basic potentiometer circuit as commonly used 
with thermocouples, Unknown voltage from ther- 
mocouple is balanced, in measuring circuit, against 
standard voltage developed across Rl. Value (po- 
sition) of X equals unknown voltage at null, and 
is a function of the temperature at the thermo- 
couple hot junction. Self-balancing is obtained 
through wiper arm of R1 that is driven by bal- 
ancing motor energized from the measuring cir- 
cuit until null is reached. FIG. 3 


Zoning is a trick that reduces installation costs. 
Closely situated transducers connect to central sta- 
tions within the area. ‘Then only one pair of wires 
runs from the area back to the control room. This 
is particularly suitable for modular-constructed con- 
tinuous monitors. Scanning systems may have separ- 
ate stepping switches for each zone. Each point 
in a zone is detected sequentially and fed back to 
the monitor in the control room. It might be neces- 
sary, if stepping switches for many separate zones 
must be synchronized, that this monitor be custom- 
built. 





Monitor in 
control room 





2 wires for 
analog signal 


Measuring 
circuit 














Point 
selector 
switch 


2 wires for point selection 














Stepping switch connected to closely-situated transducers re- 
sults in zone monitoring for scanning systems. Although a 
little more involved than Figure 4, it sends back both alarm 
and analog values for recording. Another way is to run all 
transducer wires back to monitor. FIG. 5 





MAINTENANCE 


Maintenance of monitoring equipment can be a 
headache and makers give this problem extensive 
thought in designing their products. Some sup- 
pliers claim that their simpler continuous modular- 
built monitors require minimum maintenance and 
training. This seems reasonable. But one sup- 
plier of scanning systems (Metrotype) reports two 
man-wecks of maintenance per year. When placed 
alongside total improvement through better use of 
operating manpower and improved overall opera- 
tion of the plant, however, the maintenance ratio 
may still be negligible. 

Makers have accumulated sufficient experience 
to recommend proper monitor maintenance and 
repair programs. They have established procedures 
for replacement of worn and aged parts, lubrication, 
calibration checks, and tightening of electrical 
connections. 


MONITOR FUNCTIONS 


The alarm function is the common denominator 
for the commercial systems covered in this survey. 
Their separation into three groups is _ based 
cn increasing intelligence of function and output 
information. 

Group I: 

Alarm 
Audible annunciator 
Visual annunciator 
Equipment shut-down 
Analog indication 
Group IT: 
Alarm 
Audible annunciator 
Visual annunciator 
Equipment shut-down 
Analog indication 
Analog recording 
At all times 
On demand 
Off-normal 
Programmed 


EDISON: Omniguard continuously monitors four 
points with each modular plug-in unit (Figure 7). 
Resistance temperature detectors serve as_ trans- 
ducers for each of four similar bridge circuits. When 
temperature reaches alarm setting (individually 
adjustable) a sensitive relay detects the null and 
closes its contacts. Immediate alarm action actu- 
ates a light on the front of the box, next to a direct- 
reading designation card, and remote visual and 
audible annunciators alert personnel. Simple 
external wiring shuts down operating equipment if 
desired. Indication without complicated intercon- 
nection is obtained by plugging in a separate cali- 
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PANALOG MODEL 605 
DUAL PURPOSE INFORMATION SYSTEM 


Block diagram of a Panellit system illustrates the manifold 
functions of diversified logging and alarm systems. FIG. 6 


Group III: 
Alarm 
Audible annunciatot1 
Visual annunciator 
Equipment shut-down 
Indication 
Digital recording 
(Typewriters, punched tape, etc.) 
At all times 
On demand 
Off-normal 
Programmed 
Interviews and company literature have helped 
in presenting a broad view of what is available. 
Some of this equipment is shown in the photo- 
graphs that accompany the following text. 


brated indicator serving many points. 

Modular construction permits flexible arrange- 
ment. Omniguard is adaptable to zone or centralized 
installation It is non-electronic, has no moving parts, 
and is easy to maintain and repair. It originally was 
designed for monitoring bearing temperatures. 
High-temperature detectors (up to 1,350 deg F) 
extend the monitor’s applications. It is suitable 
for panel or enclosure mounting. The detector’s 
high basic resistance means that only two wires need 
connect to monitor terminals. Detectors com- 
patible with monitor circuit have been designed for 
insertion in motor and generator stators. 
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Edison Omniguard 4-point continuous 
monitor with separate indicator. Modular 
construction makes for flexible installations. 
System provides alarm on front panel and 
in remote control room. For details, see 


preceding page. FIG. 7 





KYBERNETES: produces three monitoring systems. 
In one, individual circuits for each point monitor 
continuously. In packages of four points per unit, 
every point has its own alarm light, and calibrating 
and indicating means on the front. The system, 
particularly suited for bearing measurement, senses 
temperature up to 500 deg F with special resistance 
elements. Adjustable reference voltages set the 
alarm points. Differential amplifiers compare the 
temperature circuit with the reference voltage. 
Indicating means are available. 

High-speed time-sharing systems handle 40 
variables per sec, individual variables being scanned 
60 times per sec. More may be handled at slower 
scanning speeds. Each transducer develops a pulse 
amplitude proportional to input signal. Sequential 
sampling transmits information on all variables as a 
series of rectangular pulses that are decommutated 
at central receiving equipment. Coaxial cable con- 


nects transmitters to receivers located up to 5,000 


ft away. Visual presentation of multiple signals 
appears, if required, as a train of pulses on a cali- 
brated oscilloscope (see Figure 8). 

Stabilized amplifiers constitute the measuring 


THERMO ELECTRIC: temperature monitors, 
working with either resistance detectors or thermo- 
couples, scan up to 200 points. For thermocouples, 
the measuring circuit is a manually-adjusted null- 


Functional diagram of Thermo Electric scanning monitor and 
main components: 1) thermocouples or resistance bulbs; 2) 
impulse timer and stepping switch; 3) master measuring unit; 
4) memory relay; 5) audible alarm; 6) signal lamps. FIG. 9 











system of the Kybernetes low speed (five points per 
sec) 40-point monitor. Crossbar switches sequen- 
tially compare thermocouple outputs against refer- 
ence voltages to detect alarm conditions. Amplifier 
and slow-speed scanning minimize noise errors. A 
null-balance potentiometer provides indication on a 
calibrated manually-adjusted dial. 


Kybernetes high-speed scan- 
ning monitor displays many 
variables on screen of central 
receiver. Height of individual 
pulses are proportional to 
measured function. FIG. 8 


Lalance potentiometer; for resistance elements, an 
ac bridge. A measuring circuit dial adjusts alarm 
temperature, which is the same for all points. 
Should more than one set-point be needed, indivi- 
dual adjusting circuits can be installed. An alarm 
signal sent through a three-tube amplifier operates 
a relay, switching on appropriate signal lights. 
There is one light for each point. While the 
monitor sequentially scans, corresponding “momen- 
tary on” light shows normal condition. Under 
abnormal conditions light goes on and remains on. 
Optional manual transfer switches provide the 
additional feature of indication or recording. But 
alarm action on a selected point stops. Up to 50 
points may be included on one case. Elimina- 
tion of moving parts in measuring circuit mini- 
mizes maintenance. Alarm signals are held in by 
memory relays while scanning continues for other 
points. The stepping switch can be located in the 
process area, thus keeping wiring costs down. 
Figure 9 illustrates the Thermo Electric monitor. 





LEEDS & NORTHRUP: Speedomax S (Figure 10) 
monitors through the basic scanning action of 
a multiple-point recorder, whose capacity is eight 
banks of twenty points each (160 points). ‘Thermo- 
couples convert temperature to millivolts and the 
output of each thermocouple sequentially feeds into 
the measuring circuit—a_self-balancing _ potenti- 
ometer. When the circuit reaches balance the posi- 
tion of the recorder pen reflects temperature as read 
on a calibrated scale. Printed numbers identify the 
bank and point, and a small dot records tempera- 
ture on a strip chart. 

Alarm contacts, one for each bank, can be adjusted 
to pre-set limits. Automatic “start recording’ goes 
into action when it encounters a temperature that 
exceeds the alarm setting of the bank under test. Thus 
all points are sequentially guarded and data need 
not be gathered during normal periods. 

Other features of the Speedomax: numbered lights 
show the bank and point being detected; any point 
or bank can be printed ‘selectively; and operator can 
control printing by manually advancing one point at 


BROWN: Among several different monitoring sys- 
tems is the Electronik Flight Test Recorder, which 
operates like the Leeds & Northrup monitor except 
for certain characteristics (see table). 

Brown recently developed a single-point monitor 
(the Trip Relay ) to protect a generator from over- 
temperature. ‘This device is so designed that its mal- 
function will not affect the generator; in fact, any 
failure by the monitor is indicated by a signal it 
sends out itself. Only true overtemperature takes the 
generator off the line and this, together with com- 
ponent failure, is detected by a dual-interlock circuit 
with two bridges. ‘Transistors measure and amplify 
unbalance from thermistor temperature sensors. 
Selling price, about $500 per point, is justified by 
a savings in penalties and plant upsets due to false 
tripping. 

A new, self-balancing monitor scans at high speed 
(four pts/sec), except when recording (one pt/sec). 
The recorder can be actuated either manually or by 
alarm. The system shown in Figure 11 handles 40 
points and sells for about $2,400; additional banks 
of 20 points cost about $400. An analog to digital 
converter can replace or supplement the recorder. 
Normally, the monitor scans at the high rate, and 


FIELDEN: makes several types of scanning systems. 
These operate with self-balancing or bridge measur- 


ing circuits. Simplified building block arrangement 

offers itself to tailor-made systems. Features include 

front or back access and self- checking circuits. 
Illustrated in Figure 12 is a six-point scanner for 





Leeds & Northrup Speedomax scanning monitor is essentially 
a multipoint recorder with added functions. Section at right 
contains stepping switches and controls for program selection. 


FIG. 10 


atime. The “clear” switch, starting sequentially from 
the first point of first bank, restores monitor to auto 
matic recording. 


peration } 


Monuci-auto 
reset switch 


Test (push 
button) -—" 


Audible alarm 





Vv 
Brown monitor scans at fast rate to detect trouble tempera- 


tures, but slows down when recording. Digital converter can 


be added at bottom of rack. FIG. 11 


because the slidewire in the recorder is not used in the 
normal scanning operation, wear and maintenance is 
considerably reduced. 


flush or wall mounting. It is enclosed in a single, 
portable case. The scanning mechanism checks two 
thermocouple points per sec. A single adjustable 
slidewire sets alarm level for all points. When alarm 
occurs separate relays for each point increase the 
brilliance of a normally dim light. Transferring the 
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thermocouple to a separate de amplifier and cali- 
brated meter gives temperature indication at any 
time. 

This monitor has a self-checking alarm that oper- 
ates in the event of thermocouple burn-out or mis- 
operation of any components. ‘lhe checking occurs 
at the end of each scanning cycle, and if recycling 
does not automatically start after a short time, an- 
other warning signal is initiated. 


One-package six-point scanner monitor, operating from thermo- 
couples, is one of the several systems made by Fielden. Moni- 
tor has individual alarm lights, manual indication of any 
point, and circuits to warn of failure of thermocouples, com- 


ponents, or scanning mechanism. FIG. 12 


FISCHER & PORTER: Alarm Scanner scans and 
monitors all desired variables and records abnormal 
conditions in red. Abnormal conditions are usually 


Portion of Fischer & Porter alarm scanner and logger, with 
doors open to show easy access to stepping switches, adjust- 
ments, and other components. FIG. 13 


METROTYPE: supplies a system complete with 
alarm, computer, and digital printout on typewriter 


or teletype. It selects quantities to be measured, 
makes the measurements, and transmits readings any 
desired distance. The measuring circuit amplifies 
directly or linearizes through a servo, depending on 
the output of the transducers. For instance, resist- 
ance thermometers, thermocouples, and pressure and 
flow transducers feed into a servo system that line- 
arizes the output. In any case, output of these cir- 
cuits ranges from 0 to 100 v. 

Actuation is manual or automatic. A master 
switch steps the circuit selector to its home position 
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printed out only once; there is no further record 
until they return to normal. But fast printout dur- 
ing upset period can also be arranged. Simultaneous 
with printout, an audible alarm advises of the off- 
normal situation. Individual high and low set- 
points guarding each variable can be adjusted easily. 

The alarm scanner checks five points per sec. It 
also checks itself and will advise of failure of any of its 
parts. ‘The electrical comparison network, with few 
mechanical parts, has the advantages of long life and 
ease of maintenance. Plug-in and quick-disconnect 
components facilitate adjustments and variations. 

A known voltage standardizes the set-point slide 
wires. Comparator amplifiers compare the input 
signal to set-point. If the amplifier detects an 
abnormal condition, it operates a relay that transfers 
the input signal to an analog-to-digital converter for 
typewriter printout. ‘Though independent, this sys 
tem is designed to feed into F&P’s Automatic Logger, 
should a higher degree of information be required. 

Figure 13 shows a portion of such a logging sys- 
tem. Open doors give a glimpse of the stepping 
switches and other components, and show acces- 
sibility for adjustment and maintenance. 


and registers the printer carriage. In printing, point 
number one feeds into the step voltmeter, counted 
impulses transfer from electronic counters to number 
relays, the information is typed out, a space code is 
initiated, and the system clears and steps to the next 
point. The procedure then is repeated. 

Features include fixed and automatic multiplying 
factors, date and time printing for each variable, slow 
and fast scanning, flow integration, and operation 
through pneumatic transmitters. Figure 14 illustrates 
a Metrotype logger built into a console. When not 
logging, the system will continue to scan, and advise 
and print out off-normal signals. 





Console arrangement for readout 
section of Metrotype system. 
It has both digital typewriter 
and analog recorder. FIG. 14 


PANELLIT: Series 600 provides a flexible arrange- 
ment for gathering information. Figure 6 shows a 
block diagram of a typical dual purpose Panellit 
system, utilizing two separate measuring circuits— 
one for logging and one for scanning. Figure 15 illus- 


Panellit’s 140-point monitor and digital recorder for recipro- 
cating engine test facility. This typifies complete information 
and control center now available. Note annunciators on top 


of board. FIG. 15 


trates a complete information and control center for 
a reciprocating engine test facility, including a 140- 
point monitor for temperature and pressure. 

In a typical monitor and logging arrangement, 
about 150 points per min are scanned. In order to 
scan at six or eight variables per sec, a complete self- 
balancing measuring circuit compares the magnitude 
of the variable with individually-adjustable high or 
low alarm limits. Any abnormality is printed in red 
on a typewriter and a return to normal is in black. 

During cyclic or demand printout, the programmer 
switches to a servo measuring unit containing linear 
slidewires, and logging proceeds at one line per min. 
Square root extraction for flow measurement is 


obtained through a double slidewire voltage multiply- 
ing circuit, and linearization of thermocouple func- 


tion through cam correction. Series 600 Panalog 
will monitor and log any physical quantity that can 
be transduced to an electrical signal. In some cases, 
the output of the transducer must be signal-condi- 
tioned to present a voltage to the measuring circuit. 

Typewriter sheets looped around a frame and 
divided into segments give logical organization of 
data. An electromechanical positioner built into the 
typewriter accomplishes presentation in the most 
desirable and meaningful pattern. Panellit claims its 
system meets anticipated requirements for eventual 
closed-loop process control through useful presenta- 
tion of digital information. 
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Control room, left, in Jersey Central installation at 
Sayreville, N. J. Rectangular area, near window on verti- 
cal panel, contains annunciator drops for monitors. 
Lower right shows Edison monitors located in local 
zone to protect boiler feed pumps. Two wires connect 
this zone to annunciator in control room. At lower left 
is L&N multi-point monitor for coverage of main gen- 
erating equipment. This monitor is actually mounted 
on the rear of vertical board. FIG. 16 


MONITORING PROTECTS 125 MEGAWATTS —A CASE HISTORY 


Jersey Central Power and Light Co. recently added 
125 megawatts capacity to its Sayreville, N. J., gen- 
erating plant. One of the problems facing Burns 
& Roe, consulting engineers handling this vast job, 
was what to recommend in the way of economical 
temperature monitoring for the various pieces of 
equipment, each differing in function, value, and im- 
portance to continued production of electricity. 
B&R engineers decided on two arrangements: 

One monitor guards “one-of-a-kind” equipment 
(turbine, generator, and boiler) recording critical 
conditions on start-up and operation and alerting 
personnel to them. 

The other monitor protects bearings of multiple- 
unit auxiliary equipment. Here automatic alarms 
advise of abnormal conditions. Whenever an alarm 
sounds, the control room supervisor directs a patrol 
operator to the trouble zone. Direct voice communi- 
cation over a loudspeaker system completes the feed- 
back loop for warning and corrective decisions. 

The complete installation consists of— 

I. A Leeds & Northrup 140-point Speedomax, 
containing seven banks of 20 points each. Thermo- 
couples from protected equipment connect to the 
monitor in the control room. The points are 
arranged this way: 

> Turbine bearings 


20 points 
> Shell rate-of-rise 


20 points 
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> Boiler tubes and drum metal 100 points 

The Speedomax continuously scans and records 
turbine bearing temperatures during operation of 
the plant. ‘The other points are surveyed for alarm 
conditions but only recorded during start-up. ‘This 
arrangement is similar to those in other Jersey Central 
generating stations. 

II. An Edison Omniguard, continuously monitor- 
ing eight zones through 92 points. Separate annunci- 
ator drops for each zone warn of excessive tempera- 
ture. Thus only eight pairs of wire are brought back 
to the control room. Wiring costs are reduced and 
all bearings are protected. Here is how the points are 
arranged: 

> Boiler feed pump 

> High pressure water services 

> Soot blower, air compressor 

> Circulating water pumps and motors 

> Condenser pumps and motors and 

cooling system 

> Forced draft fans and motors 

> Gas recirculating fans and motors 

(2 zones) 4 points each 
Although final figures are not complete, Burns & 
Roe estimate the cost of the Edison portion of the 
system at less than $17,000. This includes monitors, 
accessories, resistance detectors, conduit, wire, and 
labor. 


27 points 
8 points 
21 points 
8 points 


12 points 
8 points 





SURVEY OF MONITORING 
FOR PRODUCTION AND PROCESS OPERATIONS 
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VY | ANALOG RECORD GP - CP CP X X X X X 
= | DIGITAL RECORD - - - cP = oO x x x 
u | 'SCOPE DISPLAY — X _ _ _ - - -- X 
_ TEMPERATURE X a x x X x x x 
| PRESSURE _ x ~- x ~ x x x x 
m= | FLOW - x - - - x x x x 
< | STRAIN _ X — X X X X x X 
em | SPEED - x - x - . x x x 
< | pH | ~ X _ X _ x x X Xx 
> | LEVEL « x - x - x x x x 
| THERMOCOUPLE X X Xx X X X xX X 
. RES. TEMP. DET. X xX X X - X X X X 
ui | FLOW ~ - - - - — X - X 
S | FLOW INTEGRATORS - - - ~ - - x ~ x 
Q | PRESSURE - x - x ~ x a x x 
| LEVEL _ x - x - x x x x 
< | STRAIN GAGES -- xX =_ X X X X X x 
& =| TACHOMETER — x ~ x - X x * x 
pH ELECTRODES - X _ X = X X X X 
| SCANNING RATE CONT. 2400 60 12-600 30 240 180 600 360-480 
POINTS /MIN 
| ERROR PER CENT 2 DEG F_ 0.3-1.0 Vs M%-2.0| 0.3 Ya-1 0.1 Ya-Ya Ya-Ya 
OF RANGE 0.15 
NOTES: (1) Approximate dollars per point at number of points in parentheses. X MEANS AVAILABLE. 
. Does not include transducers or installation. — MEANS NOT NORMALLY AVAILABLE. 
(2) CP means can provide. 
SCANNING AHEAD . ... in time to apply real feedback and corrective 
effort . . .. The important thing is . . . . a closed loop 
Predictions on the future of monitoring, or super that utilizes the powerful principles of feedback to 
visory, systems were requested. Here are some in- solve more and more complex problems.” 
teresting excerpts: R. F. Eisele (Leeds & Northrup): “There are 
A. F. Sperry (Panellit): “Of course there will be several strong pressures which will increase (moni 
some uses for simpler monitoring systems, but this toring) ...1) the increase in centralization of operat 
is not where the big push is coming . . . Measure- ing points for processes; 2) the growing need for a 
ments have to be processed to convert it from acon- constantly greater volume of data; 3) the use of 
glomerate batch of data into intelligent information __ bigger equipment and increased operating hazards.” 
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POWER 
IN 
CONTROL 


Magnetic Amplifiers 
Invade 
Heavy-Duty Systems 


THE GIST: Magnetic amplifiers are available in ratings from a few 
watts to kilowatts. But design and applications factors vary widely 
over this range. In the small units, size, weight, and speed of response 
are paramount, while in the high-power amplifiers, more thought 
goes into material economy and efficiency, and low weight and high 
speed of response become generally less significant. 

Heavy-duty magnetic amplifiers are now controlling rotating elec- 
trical machinery on rolling mills, annealing lines, machine tools, diesel- 
electric locomotives, etc. Thus they invade the area of rotating ampli- 
fiers, mechanical rheostats, and other heavy-duty control equipment. 

Large electrical machines are expensive. Hence it is important to 
choose the control system that draws maximum utility from motors 
and generators. The following recommendations, considering both 
the amplifying equipment and the controlled machinery, will help in 
the selection of a low-cost, high-performance system. 


ULRIK KRABBE, Consultant, Allis-Chalmers Mfg. Co. 


TWO ADVANCED USES... 


i — —_ 


Magnetic-amplifier control equipment for horizontal 75 hp package drive for controlling a slitter. Unit provides 
boring, drilling, and milling machine. Amplifiers control dynamic braking, jogging, and a 450-to-1,800 rpm speed-regulat- 
fields of both motor and generator. FIG. 1 ing range. FIG. 2 
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In heavy industrial applications, the power from 
a magnetic amplifier usually supplies the field of a 
rotating machine or the armature of a dc motor. 
The control signal to the amplifier comes from 
tachometers, current-measuring devices, temperature- 
measuring devices, etc. The ways that the magnetic 
amplifier is driven by these various signals determines 
the characteristics of the control system. 

Thus there are two separate application problems: 

1. To handle signals from various sources, mix 
them, and feed them into a magnetic amplifier. 

2. To feed power from a magnetic amplifier into 
a machine. 

More attention will be paid to the second problem 
than the first since machine feed is the area where 
high-power and low-power applications differ most. 
But let’s first consider some of the basic properties 
of magnetic amplifiers. 


THE BACKGROUND 


Fundamental information on magnetic amplifier 
behavior is available from many sources. For example, 
see Basic Facts About Magnetic Amplifiers, Controu 
ENGINEERING, December 1954. It is well here to 
reemphasize certain important properties. 

Figure 3 shows the two basic circuits for single- 
phase applications. Both are self-saturated. A con- 
venient way of schematically representing either con- 
nection is shown in Figure 4. 

The characteristic curve for a magnetic amplifier 
normally shows either output voltage or current as a 
function of ampere-turns in the control winding, 
Figure 5, curve A. This indicates a property that is 
undesirable in many applications. The no-load cur- 
rent increases when the control winding is supplied 
with an increasing reverse dc signal. 

When a magnetic amplifier is used in a feed- 
back control system and is operating on the steep 
part of the curve, a transient on the reverse side 
of the curve will give an action opposite to that 
desired. ‘This sometimes limits amplifier applica- 
tion. A high ratio of copper to iron in the amplifier 
will reduce this action but cannot eliminate it. 

With direct feedback from the output to the 
input of the amplifier, the characteristic curve can 
be changed. Curve B in Figure 5 shows the effect 
of positive feedback, curve C negative feedback. A 
magnetic amplifier without self-saturation also is 
considered to have a certain degree of feedback. This 
gives a symmetrical performance characteristic such 
as shown by curve D. 

There are some simple but important relations for 
a magnetic amplifier with the same number of turns 
on the control winding as on the ac winding. 

Let A; be current gain (the ratio of the change in 
output current to a corresponding change in control 
current), and Ag voltage gain (the ratio of the 
change in output voltage, neglecting the internal 
IR drop, to the change of signal voltage). 
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Load Load 
Basic circuits for single-phase heavy-duty magnetic amplifier 
operation. Both represent self-saturated operation. FIG. 3 
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Schematic for representing single-phase unit. FIG. 4 
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Control ampere-turns 


Characteristic curves for magnetic amplifiers, based on type 
of feedback and presence or lack of self-saturation. FIG. 5 
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Then the power gain Ay, is 
Ay = ArAg (1) 
From magnetic amplifier theory, the time constant 
T is 
Ag 
T = — 2 
oF (2) 


where f is the supply frequency. Combining Equa- 
tions 1 and 2, 


AP = Ar 3) 


This relation is important since it determines a 
property of the magnetic amplifier that is independ- 
ent of the control circuit. By properly designing the 
control circuit, it is possible to vary T and A, over 
a wide range, but it is not possible to change the 
ratio A,/T. 

When magnetic amplifiers of currently available 
oriented silicon steel operate at 60 cps supply fre- 
quency, A,/T varies from 10,000 to 25,000 in the 
range of 10 to 10,000 watts. 

(The corresponding ratio for a de machine is of 
magnitude 300. This can be increased 3 to 5 times 
with compensated windings and a smaller air gap.) 

The limitation in the value of A,/T is not the fault 
of the iron material alone. The leakage current of 
selenium rectifiers also limits the value of A;. Too 
large an A; means that the amplification will be 
affected as the leakage current increases with recti- 
fier aging. Germanium rectifiers in properly designed 
circuits eliminate this problem. 


ECONOMICS OF SELECTION 


Once it is decided that a heavy-duty magnetic 


amplifier is required, the selection of the specific 
equipment from a cost standpoint depends pretty 
much on the power range. The choice, between 
single-phase and three-phase equipment, is de- 
termined by the cheapest combination of rectifiers 
and magnetic cores that will supply the required 
output power. 

Above a certain power level, the price per kw for 
a metallic rectifier varies little with rating. The price 
per kw for a three-phase rectifier is roughly two-thirds 
that of a single-phase rectifier. The price per kva 
of magnetic cores decreases with increased size; this 
also holds true for transformers and rotating ma 
chines. On the other hand, the price per kva is 
higher for three-phase magnetic-amplifier cores than 
for single-phase cores. This means that in small 
units, where the cost of the cores is a dominant 
factor, it is cheaper to use single-phase amplifiers. 
But for higher ratings, where rectifier price is a factor, 
a three-phase amplifier is cheaper. The rating at 
which the price curves cross each other is influenced 
by the way the cores are made, the number of con- 
trol windings, amplification, etc. Roughly, the single- 
phase is cheaper below 1 kw and the three-phase is 
cheaper above 5 kw. 

The present prices of cores and metallic rectifiers 
give the rotating types of amplifiers a competitive 
advantage in the higher ratings. But the new types 
of metallic rectifiers, such as germanium and silicon, 
may change the picture. The price per kw for these 
rectifiers will favor magnetic amplifiers rather than 
rotating machinery. Generally, germanium and 
silicon units have less overload capacity than selenium 
rectifiers. However, for many applications this limi- 
tation will create new uses for additional amplifiers 
in current-limiting devices to protect the rectifiers. 


APPLICATION: Armature Control of a DC Machine 


For heavy-duty variable speed drives within a cer- 
tain power range, it is better to use a magnetic ampli- 
fier than a motor-generator set. One big factor is 
the maintenance of rotating machinery as compared 
to that of magnetic amplifiers. Single-phase and 
three-phase magnetic amplifier systems that can 
vary and control the speed of de motors are shown 
in Figure 6. 

The following are the important system design 
factors: 

> The ripple in the output from the rectifier, result- 
ing in a high harmonic content in the armature 
current, increases the losses both in the armature 
itself and in the magnetic amplifier cores. Therefore, 
for the single-phase amplifier it is advisable to use a 
smoothing reactor in the de side of the rectifier. 

> When a de motor is running under a light load 
it acts like a capacitor. For this reason, the no-load 
dc voltage will rise to a value close to the peak of the 
rectified ac voltage. 
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Since a magnetic amplifier generally controls the 
average rather than the peak, it is sometimes difficult 
to reduce the output voltage. Therefore, even with 
a three-phase supply, it may be necessary to use a 
smoothing reactor to permit control of motor speed 
at no load. 

> A rectifier supplies power from the ac line to 
the motor armature. But it is a one-way device and 
cannot convert dc power to ac power. This limits 
control where overhauling loads are encountered 
and dynamic braking is required. 

When a winch is hoisting, the ac supply feeds 
power through the variable speed control to the 
dc motor. But when the winch is lowering, the 
power conditions depend on the load. If the hook 
is empty, the rectifier supplies power to the motor 
to overcome friction losses. If the load on the 
hook exceeds a certain value, the motor acts like a 
generator. And since it cannot send current through 
the rectifier and back into the line, it accelerates, 





overspeeds, and generates an overvoltage that may 
be sufficient to damage the rectifier. 

Furthermore, control over the speed is lost. ‘This 
problem is similar to that in the automatic speed 
control of high-inertia motor-driven devices, where 
it is impossible to rapidly reduce the speed. Dynamic 
braking can be obtained by placing a resistor in 
parallel with the armature, but this arrangement 
causes reduced efficiency. While a switch can con 
nect the resistor for braking, this is only recom- 
mended when the speed is under manual control. 


Single- and three-phase magnetic amplifier systems 
for the armature control of de motors. FIG. 6 


APPLICATION: Field Control of Machines 


Heavy-duty magnetic amplifiers most often control 
the field of a rotating machine. It may be a motor, 
a generator, a dc machine, or an ac synchronous 
machine. 

There are two types of field control: 

> Where control is in one direction. 

> Where field is continuously varied from rated 
positive value, through zero, to rated negative value. 

The first type of field control normally is used 
for synchronous machines and de motors. The 
method is simple and will not be discussed further. 
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The second type controls some generators in 
variable speed drives as well as the field of rotating 
amplifers. And since the control is more complex, 
it is important to choose the right system. 

Five systems that can be used for reversing-field 
control are shown in Figure 7. Since a magnetic 
amplifier cannot change output polarity, two ampli- 
fiers must be used. 

Figure 7(A) shows a push-pull amplifier circuit 
feeding a field. Resistors must cross each rectifier 
so that one rectifier does not block the other. This 
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arrangement is inefficient, since each magnetic ampli- 
fier must have an output rating that is seven times 
the power required by the field winding. 

‘The system in 7(B) is similar except that the recti- 
fiers are connected in parallel. Here resistors are 
necessary to prevent one rectifier from short-circuit- 
ing the other. The efficiency is almost as low as 
for system (A). 

The circuit in 7(C) is used with a split-field ma- 
chine. Each of the two amplifiers drives one-half 
of the field and is rated at twice the power of the 
original field. This system has three disadvantages: 

> When one amplifier is delivering rated power, 
the ripple in the supply voltage will induce voltages 
in the other field winding. When rectified, these 
will reduce the net excitation. This can be pre- 
vented by using series reactors in each of the field 
windings. 

>'T'wo windings are required on each pole to 
avoid commutation trouble. This results in an 
expensive field winding. 

> The heat that must be dissipated from the field 
windings is doubled. If the machine is to run con- 
tinuously, it may be necessary to derate it. For this 
reason this system is only recommended for smaller 
machines whose derating is not too expensive. 

In the circuit in 7(D) one amplifier is replaced 
by a fixed bias on one winding. When the two 
fields are balanced (zero net field), each field wind- 
ing carries a current corresponding to normal field. 


or a total of double the power that was needed in 
the original field. When the magnetic amplifier’s 
output is zero, the machine voltage is at rated in one 
direction. And when the megnetic amplifier’s out- 
put is twice the current corresponding to normal field, 
the machine voltage is at rated in the opposite direc- 
tion. The magnetic amplifier must be rated at 
eight times the power required in the original field. 
Hence, it is necessary to derate the machine. 

This system has been used with rotating amplifiers 
where the armature is connected in series with the 
self-excited field of an exciter. It is satisfactory in 
this application because the rotating amplifier needs 
to supply voltage only during transient conditions. 

A recently developed and better system is shown 
in 7(E). The field is split in two parts and arranged 
in a bridge, with the two resistors having the same 
resistance as the field. Thus the two rectifiers can 
supply the two fields independently and in opposite 
directions. To prevent induced ripples from one 
rectifier being rectified by the other rectifier, 
blocking reactors are included. 

The advantage of this system over the circuit 
shown in 7(C) is that the heat to be dissipated in 
the field is not increased. Therefore, it is not neces- 
sary to derate the machine. In addition, the two 
parts of the field carry the same current, so that one 
winding consists of the coils on one half of the 
poles, and the other the coils on the other half 
of the poles. 


APPLICATION: Current Limiting in Variable Speed Drives 
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Winch control circuit, including current-limiting feature. 
Switches are operated from manual controller. FIG. 8 
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Limiting the armature current of motors and their 
driving generators is an important control function 
in variable speed drives. For example, motor-driven 
winches often require current-limiting control for 
both acceleration and deceleration. 

Consider a simple variable speed drive with a fixed 
motor field. Speed is controlled by varying gener- 
ator field strength. By starting with a low field and 
then increasing it, forward armature current will be 
generated. And if the field is increased too rapidly, 
the current will become excessive, since the motor 
speed cannot increase rapidly enough to generate 
sufficient counter emf. Furthermore, if the field 
is reduced rapidly, dynamic braking will occur when 
the motor feeds power into the generator. Then 
excessive reverse armature current may be developed. 
For this reason, many current-limiting devices must 
be bilateral; an overcurrent in the forward direction 
tends to decrease the generator field, and a reverse 
armature current tends to increase it. 

Figure 8 shows a winch control system with 
bilateral current limiting; speed is controlled in 
manually set increments. The generator field is 
driven by a self-saturated magnetic amplifier, con- 





trolled directly by armature current and biased by 
another winding. The magnetic amplifier consists 
of three parts connected in series. The three parts 
of the core stacking have a common ac winding and 
a common armature current winding. Each part has 
its own bias winding. 

The system is connected so that switches a to d 
reverse the bias in one or more of the amplifiers. 
The curves in Figure 9 show the field current vs. 
armature current characteristics when various com- 
binations of switches are closed. Curve B is obtained 
when cortact b is closed. The curve for the work- 
ing range appears as shown because one of the ampli- 
fiers is saturated. Where two neighboring contacts 
are closed at the same time, the curves marked A and 
B, B and C, and C and D apply. 

The system fulfills the requirements for manuz] 
control of speed and bilateral current-limiting action 
except at one point. At this point, the lowest speed 
setting, the field will increase with increased forward 
armature current as a result of the undesirable shane 
of the magnetic amplifier curve with reverse signals. 
If the armature reaction of the generator and the 
IR drop in the armature circuit are not high, it may 
be necessary to supply a weak series winding on the 
generator for complete overcurrent protection. 

To increase the speed of the motor when the 
hook is empty, the complete winch control system 
includes magnetic amplifier control of the motor 
field to get field weakeving action on some of the 
hoisting steps. 

One advantege of magnetic amplifier control sys- 
tems is that all control switchire is dore with a 
master controller at low currents. Fuses and switches 
are not required in the armature circuit. 


60 vs. 400 cps Supply 


Because of savings in weight and space and a high 
A, T, 400 cps magnetic amplifiers are used exten- 
sively in aircraft and military equipment. But there 
is little reason to use 400 cps amplifiers in heavy 
industrial control. The weight and space of the 
cores are insignificant, and the special 400 cps gen- 
erators that are required complicate the system. Fur- 
thermore, the time constants of heavy industrial 
machines are normally so large that 60 cps ampli- 
fiers are fast enough to fulfill the speed-of-response 
requirements of the control system. 


Rotating Amplifiers 


In a large variable speed system the motor and 
generator will normally represent an investment that 
is considerable compared to that of the control equip- 
ment. The best possible utilization of the machinery, 
therefore, is very important. 

This gives rise to the question, in heavy-duty 
variable speed drives, as to whether the machine 
field should be controlled directly with magnetic 
amplifiers, or whether a magnetic amplifier should 
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ing results of various switching arrangements in circuit ot 


Figure 8. FIG. ‘ 


control the field of an exciter feeding the machine 
field. 

The method of controlling the motor and gen- 
erator depends on the load conditions. When the 
load torque varies with speed, both motor and 
generator fields are controlled to get the most 
economical machine rating. This is typical of steel 
mill and diesel-electric locomotive applications. 

In most applications the motor field is not 
reversed and usually does not vary by more than 4 to 
1. In some cases a generator field may be reversed, 
and in others not. Note that nonreversing applica- 
tions of a rotating machine do not fully utilize a 
rotating amplifier. And on the other hand, magnetic 
amplifiers are inefficient in reversing current applica- 
tions. 

For this reason, it is both practical and economical 
to use magnetic amplifiers to supply fields for even 
the largest nonreversing variable speed motors. ‘This 
theory also recognizes the advantages of reliability 
and high gain. ‘The same is true for nonreversing 
generators. However, when a generator is to be 
reversed it is generally best to use an exciter where 
the field power exceeds 2 kw. 

One argument in favor of rotating amplifiers is 
that in some closed-loop applications stabilizing feed- 
back signals must be derived from the amplifier. 
These signals are usually obtained from air-gap trans- 
formers that give a derivative of the output voltage. 
However, it is difficult at times to derive a useful 
feedback signal from a magnetic amplifier because 
of the presence of ripples from the ac supply. These 
ripples, magnified by the airgap transformers, 
normally cause a large error in the feedback signal. 
It is possible to derive a useful signal with a three- 
phase amplifier, but generally not “with single-phase 
units. Any filter circuit will alter the phase of the 


stabilizing feedback signal. 
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APPLICATION: Steel Mill Control 


Figure 10 shows a simplified schematic of a 
variable speed drive control system for two revers- 
ing steel mill motors. 

The two motors have series connected armatures, 
and since their fields are not reversed, they are fed 
from a three-phase 20 kw magnetic amplifier, MA4. 
The preamplifier, MAS, that drives the power ampli- 
fier is also three-phase to avoid the unbalance that 
would be caused by ripples in its output. The two- 
stage amplifier is used to increase the speed of 
response. 

Field control is obtained by balancing the ampere- 
turns from the field against those in a reference 
winding in the preamplifier. Since there are three 
time constants in the closed loop—two amplifiers 
and the field—a stabilizing feedback signal is taken 
from a damping device connected to the output of 
the power magnetic amplifier, MA. 

Since field strength depends on armature cur- 
rent, the field increases when armature current in- 
creases, regardless of the direction of armature cur- 
rent increase. The armature current is measured 
as the voltage drop across the generator interpole 
winding. This arrangement counteracts field 
weakening by armature reaction. 


Generator field. 
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With the generator reversed, the field is driven 
from a 5 kw exciter, which in turn is controlled 
by a push-pull single-phase power amplifier, MAI. 
Amplifier MAI is controlled by two push-pull pre- 
amplifiers, MA2 and MA3. Amplifier MA2 con- 
trols generator voltage by balancing a current pro- 
portional to generated voltage against a reference 
trom a constant de voltage source. ‘The motors are 
reversed with a reversing switch in the reference 
circuit, and the armature voltage is controlled by a 
series resistor in the same circuit. 

Magnetic amplifier MA3 is a current-limiting 
unit in which the armature current (voltage drop 
across interpole winding) is balanced against a refer- 
ence. ‘Though not actually a push-pull amplifier, 
it may be likened to two amplifiers that produce a 
bilateral current-limiting action—one amplifier trig- 
gered by acceleration, the other by braking. ‘The 
current limit is set at a fixed value, while the whole 
system is operated by means of a foot-operated master 
controller that serves as a reversing switch, and con- 
trols generator voltage and motor field. ‘lhe genera- 
tor control preamplifier, MA2, also has a stabilizing 
winding that is energized by a signal proportional to 
the rate of change of exciter voltage. 
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Variable speed drive control system for two reversing steel 4 tors. FIG. 10 
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Actuators, the “muscles” of industrial process control, convert 
controller output to mechanical position. At the low extreme of 
power, the signal developed by a float detecting a one in. change in 
the water level of a pan humidifier opens a small valve. At the other 
extreme, a dc signal from an electronic controller modulates a 3,000 
psi oil supply to a piston that drives a twelve-ft diam butterfly valve 
in a wind tunnel. 

When used industrially, the actuator requires more compromise 
among cost, desired performance, and—in high-power output sys- 
tems—operating economy than any other part of a control system. 
Recognizing the need for this compromise, this article classifies 
actuators, gives their dynamics, describes their applications, rates 
their power consumption, and outlines realistic ways to analyze their 
actual effects on complete control systems. 


CHARLES D. CLOSE, CDC Control Services, Inc. 


A control system’s power actuator generally is 
separated, as a component, from the measuring 
element and the controller. The exception is in 
self-actuated controllers. Action in response to input 
signal classifies the actuator as: 
> Directional 
> Force-balanced 
> Position-balanced 

Cost increase and performance improvement fol- 
low the order of this classification. 


DIRECTIONAL ACTION 


Directional action is the response to an on-off 
signal. Figure la illustrates the use of a solenoid 
as an on-off directional actuator. Figure 1b shows 
an application of a directional motor drive. The 
controller action is on-off. Variation between time-on 
and time-off produces a form of proportioning con- 


Directional actuators. A solenoid drives a plug valve, la. An 
electric motor drives a butterfly valve, lb. Electric motors 
used in this service are either reversible or unidirectional, with 
a reversing linkage driven by a bell crank that is actuated at 
each half revolution. FIG. 1 


FORCE-BALANCED ACTION 


trol with a directional motor drive. 

On-off pneumatic and hydraulic signals may direc- 
tionally actuate diaphragms and pistons. At a small 
increase in cost, the controller upgrades to one that 
produces a continuous signal. 


Controllers furnishing continuous signals require 
actuators that position continuously. Figure 2 shows 
one directly operated by the air pressure from the 
controller. Spring force opposes the force developed 
across the diaphragm by the signal air pressure. 
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Air-operated diaphragm actuator. FIG. 
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Two-stage control system takes its actuating energy from 
the controlled fluid. Head feedback reduces the effect of 
variable head and variable valve characteristics. FIG. 3 
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When the reaction load of the positioned final con 
trol element (a valve in most fluid processes) 1s 
small compared to the diaphragm force, output 
travel is proportional to the signal pressure. In 
extreme cases the reaction load approaches the 
maximum force available. When this happens, the 
position of the final control element does not follow 
the dictate of the signal. This article will present 
a number of the techniques used to overcome 
extreme loads. 

Hydraulic force balanced actuators are rarely used. 
However, self-contained control systems, in which 
the controlled fluid also furnishes the operating 
power, are common. Figure 3 shows a two-stage 
self-contained system for maintaining liquid level. 

The electric force motor shown in Figure 4 is a 
recent development. Its input is a differential cur- 
rent to two opposing coils and its output is position 
or stroke. The force developed by a typical force 
motor is low (7.5 lb or less), but the dynamic 
seopemne of pak to-motion conversion is very high, 
flat to 250 cps in some cases. Assembled wile a 
3- or 4+-way valve, the force motor throttles oil flow. 
When a similar force motor is used with an air 
relay, as shown in Figure 5, it develops an output 
pressure proportional (by calibration, as there is no 
feedback to the force motor) to the electrical signal. 
Note the data on frequency response and on bond 
ary conditions for analog study. 


POSITION-BALANCED ACTION 


The process industry expanded the use of the 
diaphragm actuated valve by attaching a valve posi- 
tioner to the actuator. It thus became a position 


Electro-hydraulic power control valve is an assembly of force 
motor and 4-way valve. 4a shows valve operation with signal 
calling for flow increase from left-hand port. 

put flow vs. input differential current. FIG. 4 
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Tested frequency response of standard pneumatic 

controller feeding directly into a volume, without 

intervening transmission line. Data for analog com- 

puter simulation: 

1. Inferred from the frequency response data, the 
transfer function of the controller feeding into 
a volume of 5 cu in. is 


1 
“(0.028 + 1)(0.001S + 1) 


Magnitude Rotio, 0B 


2. Boundary conditions are 
a. Capacity limit. Rate of change of pressure 
cannot exceed 12 Ib per sec. 
b. Resolution ignored (better than one part in 
two thousand). FIG. 9 
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Packaged hydraulic power supply, 10a, left, adapted to a specific actuator and an application, 10b, right. FIG. 10 


feedback system. Although a little more costly than 
the force balance actuator, it is easily the best buy. 
Figure 8 shows one. The low pressure supply air 
(0O—50 psi) is quite adequate for most process con- 
trol applications. However, the compressibility of 
the low pressure air does limit the dynamic response 
of the positioner. Hydraulic fluid is the energy 
source for some positioners, especially when the 
load is high. Figure 6 presents a typical one with 
data on its dynamic performance. 

High pressure oil (1,000—3,000 psi) vastly im- 
proves the performance of positioners. ‘The im- 
provement is due to the higher bulk modulus of 
the oil and the smaller piston volumes at the ele- 
vated pressures. Figure 7 is a schematic of an elec- 
trohydraulic high pressure actuator with electrical 
feedback signal and amplifier. The input signal may 
be a dec or ac variable voltage or current. 

Inferential position feedback, obtained by sensing 
the process variable and making automatic correc- 
tion, is shown in Figure 10a. This type of control 


system has widespread application. ‘As the piston 
moves at a velocity proportional to the oil flow 
from the power control valve, the piston is, mathe- 
matically speaking, an integrator. ‘The system there- 
fore maintains the process variable within the reso- 
lution of the power control valve and the final 
control (butterfly) valve. 


SIGNALS 


The signal to the actuator may be mechanical, 
electrical, hydraulic, or pneumatic. It has consider- 
able bearing on the actuator’s power requirements. 
Processing industries have made little use of direct 
mechanical signals, but they have used 3 to 15 psi 
air signals extensively. ‘Iwo factors put an upper 
limit on the use of air as an actuator signal—air 
controller response and signal transportation tran- 
sient. Figure 9 shows the frequency response of 
a typical air controller loaded by representative vol 
umes. The illustration does not show the effect of 
transmission lines. 
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Single pump power unit for central supply of high pressure 
hydraulic fluid. FIG. 11 


Hydraulic signals are seldom transmitted over long 
distances because the performance improvement 
gained does not justify the prohibitive costs of 
collecting fluid from the many exhausts of con- 
trollers and relays. However, there are packaged 
special purpose actuators that use hydraulic signals. 
Figure 10 shows such a packaged unit and a sche- 
matic of its application to controlling fluid pressure. 
The positioning of the main valve of a hydraulic 
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Piston operated slide valve for 
lines containing solids in sus- 


actuator by pressure developed by a hydraulic pre- 
amplifier is one application of a_ short-distance 
hydraulic signal. 

Electrical signal transmission becomes more preva- 
lent as control centralizes farther from the measuring 
and actuating devices. The trends: 
> Some portion of 0 to 150 vdc, perhaps even 3 to 
15 vde, to follow the most common air signal stand- 
ard range. 
> Load impedance of 15,000 ohms, or higher, allow- 
ing the use of small wire diameters for long lengths. 
> For flat response above 15 cps, shielded signal wire. 

Economics will dictate the selection of signal 
medium even after industry swings to electrohy- 
draulic actuators to take advantage of their improved 
dynamic response. (See Wuat's New, page 23, 
for an announcement of the first large-scale applica- 
tion of electrohydraulic actuators to the control of 
an industrial process.—Ed.) 


POWER SUPPLY 


Actuator power supply has not received enough 
consideration. Most plants supply 45 or 100 psi 
instrument air with the necessary filtering and de- 
humidifying equipment and storage capacity. Regu- 
lators reduce the air pressure to the individual re- 
quirements of transmitters, controllers, and actuators. 
The average pneumatic actuator requires 2 scfm 
(std. cubic ft per minute) of air at maximum flow 
and less than 4 scfm during normal control excur- 
sions. The same actuator, if it were capable of fre- 





pension. FIG. 13 


Average unbalanced forces for butter- 
fly, single-seated, and double-seated 
globe valves at flow coefficient, C., 
of 440 and for constant pressure drop. 
FIG. 12 
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quency response flat to 3 cps, would require 60 sctm 
maximum flow. These requirements call for a 
careful appraisal of air supply systems, including the 
air distribution piping. Heretofore, reducing valves 
have limited the air pressure supplied to diaphragm 
actuators, but with the increased air consumption 
through improved dynamics, every pressure reduc- 
tion means a loss in efficiency. 

The packaged hydraulic actuator in Figure 10 
includes the hydraulic power supply. (The “electro- 
hydraulic actuator in Wuat'’s New is also a pack- 
age containing a hydraulic power supply.—Ed.) 

With the increased use of hydraulic actuation, oil 
supply is centralized when the dynamics of trans- 
porting fluid power allow it to be. Figure 11 shows 
a hydraulic power center that supplies hydraulic 
fluid up to 2,000 psi. Rotary pumps are available, 
with integral pumps, mounting plates, relief valves, 
and coolers. Recommendations: 
> Locate hydraulic accumulators near the supply 
center if they are installed primarily for emergency 
power during pump failure. 
>If the accumulator is furnished to supply peak 
demand oil flow during an occasional transient, 
locate it near the demand to keep the supply lines 
small. 
> Install individual filtration (5—10 micron filters) 
at each actuator. 
> Maintain positive heads on drain lines .to reduce 
air binding. 
> Circulate sump oil continuously through filter and 
descale piping to eliminate dirt at startup. 
> Use oil coolers in sumps that supply power con 
trol valves sensitive to high pressure. 

P Use non-corrosive oil of good detergent quality 
and minimum viscosity of 75 SSU (Saybolt Seconds 
Universal) at 160 deg F. 

> The oil’s bulk modulus should be specified by 
the power control valve manufacturer if response 
flat above 20 cps is required. 

Electrical supply for powering actuators is taken 
from lighting circuits or from power mains, depend- 
ing on load rating. To insure actuation when the 
electrical power fails, a de battery unit or a self- 
starting diesel stand by. Bear in mind that electric 
motor actuators driving through self-locking worm 
gears stay in the energized position. A constant volt- 
age transformer with less than plus or minus one 
per cent regulation error is recommended for ac 
systems incorporating differential transformers. 


LOADS.... 


Most actuators for process control position valves. 
Globe body port diameter standardizes at 4 in. to 
12 in. Because there is unbalance across single 
seated valves, double-secated valves are usually used. 
Figure 12 shows plots of average unbalanced valve 
force for various valve designs. On throttling ser 
ice, AP, the head across the valve, is high for low 
flows and low for high flows. Note the force reversal 


ot a double-seated control valve when about 20 per 
cent open. Skirt guidance reduces the unbalance 
force below that of the smooth contour design. 
Butterfly valves are generally rotated no more than 
60 deg from the closed position. Figure 13 shows a 
slide valve, used in lines containing suspended solids, 
such as paper mill stock and refinery catalyst. Cat- 
cracker slide valve friction component varies from 
50 per cent to 100 per cent of the gate area unbalance 
forces. Gate valves, pump stroke mechanism, and 
differentials having high friction loads require actua- 
tors with the high output rigidity which is available 
in gear driven or hydraulic actuators. 

It must be remembered that the application of 
spring diaphragm motors as the load actuators is 
limited to power levels of about 40 watts. In fact, 
of the 80 watts per stroke of an average diaphragm 
motor that requires one scfm and 15 psi diaphragm 
air pressure, over 50 watts are used to stroke the 
spring. Diaphragm actuators use power inefficiently, 
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Load-compensated pressure regulator. Pitot tube in flow 
stream reduces pressure on underside of spring-loaded dia- 
phragm, integrating out the error of the otherwise propor- 


tional system. FIG. 14 


but their low initial cost and their simplicity dictate 
their use for low horsepower requirements. 


SELF-CONTAINED SYSTEMS 


Self-contained controls are universal. Examples 
are the common household appliance gas regulator, 
liquid propane tank regulators, oven filled-thermal 
systems with bellows and spring actuators, and dia- 
phragm-and- spring water pressure reducing valves. A 
good design for engineers to emulate is the gas 
regulator that .reduces distribution pressure to ap- 
pliances. Inlet pressures vary from 10 to 80 psi, 
flows from 0 to 800 cfh. Yet the regulator maintains 
reduced pressure constant at 0.2 psi plus or minus 
0.05. Another example is the regulator shown in 
igure 14. Figure 3 is a schematic of a two-stage 
level regulator. Self-contained controls are adequate 
where the controlled fluid is clean and the transient 
response is made up of a long time constant and a 
short transportation leg. 
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INTEGRATING ACTUATORS INTO SYSTEMS 


Prime factors in the selection of an actuator are 
its dynamic and static effects on the closed control 
loop. Steady state involves the actuator’s ability to 
hold a desired condition and make small incremental 
changes. A measure of the desirable resolution 
(defined here as one part in N, where N is the 
number of steps taken in plotting input vs. output) 
is readily obtained once the rest of the control 
system is clearly defined. Consider, for example, 


: * , tate of change of 
actuator stroke with respect to process error, is K 
and the allowable process error is one per cent of 
scale. Accordingly, the actuator resolution must be 
K/100 or better. The gain, K, of most processes is 
obtained by mathematics or analog study. 

Figure 15 is a curve used for calculating the sta- 
bility and oscillation frequency of a simple process 
controlled by a directional actuator. In the caption 
is an example of the curve’s application. 

The mathematical descriptions of most force- or 
position-balanced actuators are so complex that a 
purely mathematical approach to determining the 
effect of actuator dynamics on the whole control 


a case in which the gain, 








+ . 
Shel H(t) So 























Function H(t) 


e,=M sin wt 


W=A/C/q 
K,= 4/8 


} i j i 
0.5 1.0 20 4.0 10.0 


[eset] — 


j 
20.0 








CALCULATING THE EFFECT ON A SYSTEM 


Figure 15a (above) is a plot of x (a non-dimensional grouping 
of the coefficients of the system’s differential equation) vs. k 
(the ratio of M, the magnitude of the system’s oscillation, to B, 
the full-scale directional signal of the on-off controller). If 
the intersection of x and k falls to the right of the curve, 
the system is stable (it oscillates within the gap, 2a, of the 
controller). When the intersection falls on the line, the 
system oscillates at frequency w and at amplitude M. 
Example of use of the curve for a simple on-off directional 
actuator: 

Consider a water level control problem, in which the input 


104 CONTROL ENGINEERING 


loop is unwieldly or time consuming. The determina- 
tion can be handled by analog computers and by 
the use of some non-linear simplifying techniques 
such as describing functions. 

In defining the dynamics of an actuator, one can 
estimate the types of nonlinearities and evaluate 
them by simple tests. A frequency response should 
then be taken in the region where the actuator is 
expected to be fairly linear. One notes immediately 
that the output is not a true sinusoid and that the 
frequency response depends on the amplitude of the 
forcing signal. To interpret the data the investigator 
eliminates all harmonics from the output and plots 
a family of the fundamental’s frequency response, 
one response for each amplitude. This documents 
the dynamic performance. But except for a few 
quasi-linear techniques that must be used with great 
care, there is no rigorous analytic means of utilizing 
the data in this form. 

The performance of several actuators is stated in 
a realistic and rigorous way throughout the article. 
Although the expression for actuator characteristics 
is not analytic, it is well suited to analog computer 
simulation. 
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to a tank is controlled by a valve and the output is propor- 
tional to the level. The valve is driven by an electric motor 
so that either plus 10, minus 10, or 0 vde is applied. The gap 
of level is plus or minus 1 in. That is, at least 1 in. of error 
must occur in order to move the valve. The motor has a 
terminal speed of 0.5 in./sec, and has a time constant of 0.5 
sec. The motor is directly coupled to a valve, so sized that 1 
in. of valve stroke corresponds to 20 in. of level change. The 
process (water tank) has a time constant of 2.0 sec. From 
this block diagram, Figure 15b (below) can be constructed. 
Lumping all the transfer functions, the overall function is, 


1 
? —'2.59 +°s 
ora#10, 6=2.5,7%¢ =1, 


geo® = 2.5 
a 


Note from the curve that x = 2.5 and ( - ) = 0.1 cor- 


tesponds to a value ot — 


= 0.5. Therefore the error in 


level will oscillate at approximately 5 sin wt in., where w = 
(c/a)* = 1 radian/sec. 

In order to improve the system, either x must be increased, 
or the gap changed to plus or minus 4 in. The system will 
have an error of less than plus or minus 4 in. If better control 
than above is required, use force balanced or positional control. 
FIG. 15 
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The errors in a feedback-control system are de- 
pendent upon the time-history of the command 
to be followed. Further, for “smoothly-varying” 
command signals, the error can be simply expressed 


Feet +” 1 4 #0 1 


—"“Qarntas (1) 


Stated otherwise, the error can be expressed approxi- 
mately as the sum of terms, one of which is pro- 
portional to the command position, another pro- 
portional to the command velocity, another to the 
command acceleration, and so on. The error in a 
position servo, after the transient condition, can 
usually be held invariant with the magnitude 
of the command. In this case, the error constant, 

_ magnitude of command variab'e 

error 

The position of any point C on a typical cutter 
path for a milling machine with accurately con- 
trolled motion along three axes may be given in 
terms of three mutually perpendicular components, 
x, y, and z, representing the table, crosshead, and 
spindle movement, respectively, all measured from 
some common starting point. Thus, if we let x 
be a vector one unit in length along the table line 
of motion, y the same for the crosshead, and z for 
the spindle movement, we can express any position 
command as the sum of its table component, C,,; 
its crosshead component, C,; and its spindle com- 
ponent, C,; thus: 


C=C.r+Cyt+Cz (2) 
Likewise, since the velocity of the cutter relative to 


the workpiece is the rate of change of position, the 
velocity is 


will equal «. 


dC a,-, &@,- , &,- 
a. ae” a 
and the acceleration is 
@ _ a, 

dt? dt? 
On an actual machine the table servo will be 
required to follow the variations in C,, and so will 
produce errors that can be described by Equation | 
with C,x in place of 6. Omitting the first term, 


that is, assuming the position error will be zero, 
we have 


(3) 


a = 
z+- a. y+ (4) 


1 @&C 
be de 
1 / dX 2 : &, 
Mi dt Me dt? 


Lyte 


Ez = -o>*** (5) 

We have assumed here that the three servos have 
identical velocity and acceleration error constants, 
p, and pe. Although it will not be exactly true, this 
can be approximated satisfactorily in practice. We 
note that by adding the velocity terms in Equation 
5 and combining through the use of Equation 3, 
a more compact expression for the velocity results; 
and similarly for the acceleration, through the use 
of Equation 4. Thus, we reduce Equation 5 to 


E= E,r + E,yy + Ez 


1 dc 1 &C ; 
"a. ‘an. (©) 
The significance of this expression is that we find 
the vector error to be related to the vector command 
velocity and acceleration. We can divorce our 
thinking from the details of the velocities and ac- 
celerations of the individual servos on the several 
axes, and represent errors in terms of movements 
at the workpiece in the most convenient way. In 
programming the path of the tool, the one aspect 
that must be considered is the error resulting from 
changing the direction or magnitude of velocity 
along the cutter path. It is evident now that studies 
may be carried out in such convenient terms as 
the tangential and radial components of accelera- 
tion at a point on the path, since we know from 
Equation 6 that the acceleration component of 
error will be along the line of total acceleration. 
An important aspect of the numerical control of 
machine tools is the use of straight line approxima- 
tions in programming a cutter path. The numeri- 
cally controlled mill developed at the Servomechan- 
isms Lab of MIT operates on this basis. A curve 
in space, representing the desired cutter path, 
might take the form shown in Figure 1, with 
the straight-line approximations selected to repre- 
sent the ideal path by using the smallest number 
of segments. If the radius of curvature is R, the 
length of segment that produces an error Ay, as 
shown in Figure 1, is 


S = 4VRA, (7) 
Let us designate the ideal cutter path of Figure | 


by the vector C and the total input to the machine 
control servo system by the vector I. Then the 
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Ideal cutter path. C 


The straight-line approximation to a curved cutter path can be 
chosen to satisfy a limit on geometric error. FIG. 1 
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The response of a servo controlled machine tool to a sinu- 
soidally varying command is maximum at some value of the 
command frequency, w, which tends to be close to the “natu- 
ral” frequency of segment commands. FIG. 2 


approximation error, whose maximum is Aj, is a 
“noise” vector N resulting from the use of line 
segment approximations, and is such that 
I=C+QN (8) 
Now, when the servo system is required to follow 
the line segment signals generated as above, the 
error from the ideal cutter path may be expressed 
in two components, each related to a component 
of I. These are Ey, the error in following the ideal 
Cutler path C; and Ex, the response to the funtion 
N. Any response to N is, of course, an error. Then 
E=Ec+ En (9) 
We shall assume for simplicity that the velocity 
error in our setvos is zero (nu; = ©). This is not 
dificult to achieve. The acceleration in following 
a path of radius R at*constant velocity V is 
-+; (10) 
where r is a vector of unit length directed outward 
from the center of curvature. The error resulting 
from this acceleration is obtained from Equation 6: 


> : F 
Ec = 1] 
« a R r ( ) 
If we are to hold this to a magnitude of Ao, 
V < VAswR (12) 
The ratio of the length of segment to the velocity 
along the path is the time per segment. Using the 
maximum values of each from Equations 7 and 12, 
we have a “natural” time per segment 
oe 4VRA : 
P= Oe: oe oo (13) 
X mac. v RAsp2 Ac pe 


This value is significant, since the length of segment 
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is maximized to reduce programming costs, and 
since the velocity, V. is maintained high to reduce 
cutting time. For a typical case with A, = As, 
and ps = 9.25 sec!, T= 08 sec. 

.For the computation of the error component 
Ey, we note that the geometric error, N, represent- 
ing the deviation between the curve and the straight- 
line approximation, is a periodic function of time if 
R is constant. In fact, the period will be T (from 
Equation 13) if V and S are at their maxima. We 
can neglect the high-frequency terms that will be 
attenuated in the servo and write, approximately 


or tr (14) 


N = (KA, cos 


K being around 0.8 and t the time from the begin- 
ning of a segment. 

Now, the response of our three-dimensional servo 
system to N need not be analyzed in detail. It 
is sufficient to note that the response to a sinu- 
soidal fluctuation, such as N of Equation 14 approxi- 
mates, will have a maximum at some frequency om. 
See Figure 2. The tolerable maximum response, 
M nas. Would not exceed about 1.25. ‘Thus, the max- 
imum possible output fluctuation resulting from the 
N component of the input I would be about 1.25 
times the amplitude in Equation 14, or 

1.25 X 0.84; = A (15) 
Thus, the end result of a geometric error of maxi- 
mum magnitude, A, is an error no larger than A). 
The question naturally arises: will the value of 


2x 


if 14 be anywhere near the fre- 


quency wm giving the maximum response, M = 1.25? 
Unfortunately, there is a tendency for the frequen- 
cies to be close to each other. We can invert 
Equation 13 and multiply by 22 to obtain, for 


Ay — Ao, 


in Equation 


(16) 


as the frequency of the fluctuzt-cn of N. Fut our 
servo, by assumption, has an acceleration error 
constant po with py=po= x. The frequency 
\/u2 tends to be near wo» for such servo designs, 
although this is not an inflexible relation. The 
tendency then is for w, to correspond roughly with 
the frequency of N in Equation 16. 

There is room for a somewhat arbitrary choice 
in the relative values of A; and A». Since the error 
of magnitude Az is predictable during programming, 
it might be compensated out in that process, but 
such a corrected program, to have any advantage, 
would allow no reduction in speed, V, from the 
value assumed in programming. ‘There is much 
to be said, therefore, in favor of holding both A, 
and A, at small values so cs to permit the machine 
operator some freedom to reduce spced where neces- 
sary. 
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THE GIST: A sampled-data control 
system is one in which signal data 
appear at one or more points of the 
system in the form of a sequence of 
pulses or a number series rather 
than as a continuous time function. 
Theoretically, the samples could be 
available at arbitrary instants of 
time, but in most practical cases the 
samples are taken at uniform inter- 
vals of T sec. 

The profusion of variables in 
many of today’s processes has en- 
couraged sampled-data techniques 
for their control. These permit the 
control signals as well as the sys- 
tem’s variables to be transmitted as 
pulses between process, digital com- 
puter, and the control panel. There 
are firm advantages to “manipu- 
lating” these discrete pulses. 
“Weighting” the samples sent to the 
control elements improves the re- 
sponse by minimizing the effects of 
distance-velocity lags. 

Although this article foregoes a 
complete mathematical treatment— 
notably omitting the z-transform—it 
does show how elementary calcula- 
tions can get results in a simple appli- 
cation of sampled-data feedback. 


The remote control of an airplane from search 
radar information, which becomes available only 
when the radar beam sweeps past the airplane, 
is a common example of sampled-data control. Here 
the nature of the position-measuring element is 
responsible for the sampling. It seems probable 
that in the near future, sampling will be deliberately 
introduced into certain systems when they are 
designed. In this way the designer will have direct 
control over the system time response since he 
logically can include the practical limitations of 
finite available power. 


Elements of the System 


Figure 1 shows what a sampler does to a con- 
tinuous time function, r(t), as the result of the open- 
ing and closing of a switch every T sec. The fune- 
tion r(t) has been converted into a series of pulses, 
r*(t). In this article, an asterisk indicates samples 
of a function. We can consider the amplitude of 
each sample pulse to be constant, as each sample is 
brief in comparison to the sampling period T. 

Figure 2 illustrates the operation of a hold or 
desampling filter. If control signals are sent in the 
form of brief pulses such as in Figure 1, severe power 
peaks would be necessary to obtain even relatively low 
average power at the control element. The zero 
order hold, or clamp, the most common in use, 
extends the control pulse’s amplitude until the 
arrival of the next pulse. The output of the hold 
circuit is m*(t). In a sense this is simply an ampli- 
fication of the original r*(t) pulse train. 

The operation of the digital controller differs signif- 
icantly from continuous signal controllers. These 
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A continuous input function is sliced into pulses by the sampler every T sec. FIG. 1 
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latter usually shape the system transfer function in 
the frequency domain with some cascaded combina- 
tion of proportional, derivative, and integral control. 
Since the sampled-data system has a pulse train, this 
sequence can be operated on directly with some 
numerical or digital device. The digital controller’s 
output is a series of pulses whose magnitudes are 
modified according to some program. They are then 
introduced into a hold circuit and applied directly 
to a plant to satisfy its performance requirements. — 


Linking the Elements 


Four basic elements common to sampled-data sys- 
tems have been mentioned: 1) the sampler; 2) the 
digital controller; 3) the hold system; and 4) the 
plant. Now for a look at the single loop error- 
sampled feedback control system diagrammed in 
Figure 3. Here the sampled system’s error sequence 
e,*(t) is operated on by the controller and applied 
to the plant as e,*(t) after the hold, which converts 
it to €y,*(t). If properly made, the controller delays 
the transmission of information through the system 
by only one sample period. That is, the output c(t) 
will lag the input r(t) by only one sample period. 

Consider a control system similar to that in Figure 
3. The plant’s response to a pulse of one-unit ampli- 
tude and T length is shown in Figure 4. In practice 
this information could be obtained experimentally. 
Assume the desired response of this system to the 
step input shown in Figure ¢4 is an identical step out- 
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The zero order hold is a type of hold circuit 
that keeps its output amplitude equal to the 
height of the last input until the receipt of the 
next. First order hold circuits hold the slope as 
well as the amplitude of the previous pulse. 
FIG. 2 


put, one sampling period later. Then pulse error 
train e,*(t) must be zero after the first sampling 
instant. The digital controller's program for this 
problem could be worked out by the z-transform and 
technique in Reference 1. This article will show 
how a minimum of math handles this program. 
Figure 5 shows to scale the pulse heights found in 
various parts of the system that satisfies the above 
requirements. The sequence of pulses at the top of 
the figure is the sampled input or reference signal 
r*(t). Below this is the output of the system, c*(t), 
the controlled variable. Inasmuch as output c*(t) 
is identical to input r*(t), except. during the first 
sampled period, the system error, e,*(t), shown on 
the next graph, is zero except during this period. 
Now let us look towards the problem of calcu- 
lating the program that will cause the pulse train 
e,*(t) to effect this result. From the information 
gained experimentally about the response of the 
plant to a step input, Figure 4, we note that T sec 
after the pulse the plant output has reached 0.37 
of the applied pulse amplitude. Therefore, if the 
plant output is to be equal to the input one sampling 
interval later, the first pulse from the digital con- 


troller must have an amplitude of 5 » of the input 


pulse or 2.72 its size (Figures 5 and 6). 

Output of the plant at the next sampling instant 
is the sum of the first two responses. Since the first 
pulse (amplitude 2.72) would produce an output 
of 2.08 units at this time, it is essential that the second 





pulse from the controller produce a response of 
minus 1.08 units to hold the output of the system 
at one. But to produce a response of minus 1.08 
units, the controller must create an output of minus 
1.08 
0.37 
This process is shown graphically in Figure 6, 
where the sum of the responses to the pulses in 
the train e,,*(t) add up to unity at — ge ee 
instant. In this way, the pulse train e,*(t), shown 
in Figure 5, can be calculated term by tse 
Having calculated the desired pulse sequence of 
the controller with a step input of one-unit ampli- 
tude, the next step is the synthesis of the program 
for the controller. Figure 6 reveals that the output 
of the system is the weighted sum of all previous 
outputs of the controller, with weights determined 
by the plant. Consequently, the output of the 
system can be expressed by these equations: 
c* (0) 
c* (T) 
e327) 


? or minus 2.96. 


7 ey 2) 
7é,*(T') + 0.77e.*(0) 
7e,*(2T) + 0.77e2*( 


0 
0. 
0. 
0. 


3 
3 
c*(3T 3 T) + 0.9le.*(0) 


c*(nT) = 0.37¢,*[(n + 1)T] +°** +e:*(0) (1) 
Using e2*(O) = 2.72 e,*(O) and noting that 
*(nT) = 1 for n=1, the above linear relation may 
be reduced so that e.*(nT’) is expressed in terms of 
e2* [(n-1)T]. This leads to the following expressions: 


A SYSTEM... 


eo*(nT) = —0.72e*[(n — 1)T] (2) 

Making use of e,(nT’) =O for nO and e,* (nT) 
=O for n<O, we can express these latter relations 
by the recursion formula 
€2* (nT) =2.72e,*(n 7’) —e,*[(n —1) 7] —0.72e2*[(n —1) T] (3) 
A quick check will show that the above is correct. 
For example, when n=O the recursion formula 
reduces to e,*(O) = 2.72e,*(O), and for the nth 
sample, where n>I the recursion formula reduces 
to e,*(nT) = —0.72 as previously determined. 

The digital controller must be programmed to fol 
low this relation if the desired response at sampling 
instants is to be obtained after a step input. ‘The con- 
trolled variable will deviate from the desired value 
between sampling instants, but this “ripple” can be 
maintained within limits by proper choice of T. 


How the Controller is Put Together 


The controller must store a certain number of past 
input and past output samples. It must apply a 
systematic combination of these stored samples to 
the hold circuit to cause the required output. 
Mathematically, the controller must implement a 








The error sampled control system with its various signals identified. FIG. 3 
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«++ AND ITS PLANT’S 
RESPONSE TO 
A UNIT PULSE 


The response of a particular plant to a unit pulse input. 
The experimentally determined output is measured at 
intervals corresponding to the sampling period of the 
sampled-data control system. FIG. 4 
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Each curve shows the would-be effect 
on the output of each pulse from the 
digital controller. Because the con- 
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recursion formula of the form 


€2*(nT’) =a,e,(nT) —aye,[(n—1) T]+ + - > +aye:[(n—k) T]— 


byea[ (nm — 1) T]—bre2[(n —2) T]|— ++ + —bjeal(n—j)T] (4) 


where the weighting coefficients ay, a,, bo, b,, etc., 
are determined by the method which has been 
described or by the use of z-transforms. 

There is virtually no limit to the devices that could 
solve Equation 4. Among the factors paramount in 
the design of a digital controller are the length of 
the sampling period, the accuracy required, the 
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troller’s output pulses vary in sign, how- 
ever, the actual output of the system is 
a constant value, one. FIG. 6 


number of samples stored, and the extent to which 
it must be economical and reliable. Any general 
purpose digital computer can be programmed to 
handle the problem, but in many cases in industry 
the cost of a general purpose machine could not be 
justified, and indeed, may not be required. 

There are six basic operations that the controller 
must perform. An examination of these may suggest 
possible economical designs. The controller must— 

1. convert the input samples into the controller’s 
language 








2. store the required number of input and output 


samples 

3. weight the stored samples according to age 

4. combine the weighted samples to form the 
output samples 

5. convert the output samples into a form suit- 
able to operate the hold circuit 

6. shift the stored samples in order to calculate 
the next output sample 

The input and output conversions, steps 1 and 5, 
may not be needed except where the controller 
operates with some special code internally. 

Figure 7 is a block diagram of the performance 
of steps 2, 3;4, and 6. The sampling switches shown 
are not intended to resemble anything used in prac- 
tice. Samples e,*(t) are applied to the upper row 
of delay elements so that they move from one to 
the next in successive steps. A pulse that comes 
directly out of the sampler is weighted and stored in 
the first delay element. This is aye,(nT). With the 
next sampling period it is weighted to become 
a,e, |(n —1) T], and so forth, until it goes through 
all the storage elements and is discarded. ‘The lower 
row of delay elements and weighting circuits in 
Figure 7 handle the output pulses (Equation 4). 

For storage time less than a few milliseconds, the 
pulses can be stored in delay lines, for longer periods 
in condensers, and for still longer periods in poten- 
tiometer settings. 

The stored data can be shifted by many different 
methods. If delay lines are used, they perform 
their own shifting. Figure 7 is practically a diagram 
of a controller circuit using delay lines. The diff- 
culty inherent in such elements is the inflexibility 
of the sampling period T (the time of delay in each 
line). The Electronics Research Laboratory of 
Columbia University’s Dept. of Electrical Engireer- 
ing made a sampled data controller with stepping 
switches for shifting, capacitors for storage, and 
electronic amplifiers for weighting and combining. 
I'he sampling period is varied simply by altering 
the rate at which the switches step. A cam-operated 
switch provides 6 to 100 samples per min. 

Recordings of the output of the plant previously 
discussed and of the Columbia controller are seen 
in Figure 8. Note that the rise time of the output 
has been cut in half and the duration of the transient 
reduced by a factor of five with the controller. This 
order of improvement in performance is available 
when sampled data control systems employ logical 
design techniques. 
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The block diagram of a sampled-data controller. The upper 
row of delay elements stores input pulses, and the lower row 
carries output samples. Between memory units are weighting 
circuits that modify the samples when they are switched from 
storage to storage. FIG. 7 
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Above: the output of a plant using the sampled-data controller 
to modify the transient according to a calculated program. 
Below: output without use of the controller's weighting cir- 
cuits. Programming reduces rise time by one half, and the 
transient duration by a factor of five. The output at sampling 
instants has a value of one, although a substantial ripple 
appears between these instants. FIG. 8 
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IN 
CONTROL 


Automatic Machining— 


A View And A Preview 


THE GIST: Automatic machine tools have progressed toward special- 
purpose, high-production machines on the one hand, and toward 
multi-purpose machines on the other. Until recently, flexibility in even 
the multi-purpose machine was limited to such operations as adjusting 
limit stops, changing gears, and replacing cams. While conventional 
tool types will continue to be important, new approaches are giving the 
word “flexible” real meaning. Systems have been designed that can 
guide a machine through a long and elaborate series of operations. 
Shapes that at one time could be produced only on hand-controlled 
machines now are machined automatically. And more accurately, too. 

These advances have been realized by closed-loop techniques and 
by new methods of feeding instructions to the machine. There is a logi- 
cal way to look at these new systems: first, the machine must be 
instructed; second, it must drive the tool or workpiece in accordance 
with these instructions; finally, it must measure the result to make sure 
these instructions are carried out. This article covers ways to instruct 
and ways to drive. Next month CONTROL ENGINEERING will look at 
ways to measure. The object is not to survey past developments, but 
to examine what is being done today, and what needs to be done. 





FUNCTIONAL HOOK-UP FOR MACHINE TOOL CONTROL... 
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Dimensions: —<—> — Monuol key punch ——> Magnetic record ——<——  Scole rotio 
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WALDO H. KLIEVER, Clevite-Brush Development Co. 


The complex structure of modern automatic pro- 
duction demands that new machine tool control 
techniques as well as established mechanical meth- 
ods be considered. Everyone is talking about using 
such things as electronic equipment, closed-loop 
systems, memory devices, and computers. But man- 
agement, production people, and many engineers 
are still waiting for these devices to prove themselves 
in the tough school of economics. During this 
waiting period, however, it pays to keep up to date, 
since experience, simpler controls, standardized com- 
ponents, and other factors are bound to reduce costs. 

The devices and techniques that make possible 
automatic machining are best described by function. 
Figure 1 shows a functional schematic of a com- 
plex, yet flexible machine tool control system. First 
the information as to the size and shape of the 
workpiece is obtained from the engineering draw- 
ings. This information, in machine language, is 
transferred to a system input memory that feeds 
a computer or machine director. The output of 
the computer is recorded in a machine control 
memory that directly instructs the machine. For 
example, the instruction from the machine control 
memory may be a signal indicating desired carriage 
position. ‘This signal is compared with the output 
of a position sensor, which is proportional to actual 
carriage position, and the difference is amplified and 
used to drive the actuator and carriage until actual 
position corresponds with desired position. 


Any machine tool control system using feedback 
techniques can be represented by this schematic by 
either subtracting instructing equipment or adding 


Generalized 


MACHINE CONTROL 
MEMORY 





Comparator 


Desired 
position or 
velocity 


Cams 
Punched cords 
Punched topes 
Magnetic record 
Tube or tronsistor 
flip-flops 
Ferrites 
Ferroelectric 
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carriage drive loops, or both. Thus a machine in 
tended for only record-playback use, where a_ part 
is machined under manual control and the opera- 
tions are recorded to be played back for further 
production, requires only the latter of the two 
memories. ‘The computer and everything before it 
is unnecessary. Similarly, if a system controls three 
directions of motion of a carriage, three feedback 
loops are required, one for each direction. 

This indicates that cach motion of a tool or 
workpiece can be completely independent mechan- 
ically, except for a supporting frame. The only other 
relationship is the multiple-channel information in 
the memory. Each motion is equipped with its own 
closed-loop actuating system. The conventional 
mechanical linkages, gears, and other connecting 
members between the motions are unnecessary. 

This independence of motions will affect the de- 
sign of machine tools. The tools will be more 
flexible and their differences will be less significant. 
For example, if a spindle is servo controlled, the 
question of whether the work is rotated or whether 
a rotary cutter is placed in the spindle does not 
seriously concern the machine designer. 

It is ‘possible that this independence of motions 
may lead to the design of machines in units that 
can be conveniently combined to provide the mo 
tions of the work and tools required for a specific 
job. A change in workpiece would involve only a 
rearrangement of these building blocks and new 
instructions to the machine. In any case, these con 
trol and programming techniques would demand 
concurrent design of the control system and the 
machine tool for maximum utility. 


Figures 2 and 3 show two automatically con- 


block diagram of flexible machine tool control system. FIG. 1 
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trolled machine tools with the applicable version 
of the block diagram of Figure 1 superimposed on 
each. The machine shown in Figure 2 is a contour- 
follower planer with hydraulic actuation to posi- 
tion the cutting head. The source of information 
is a full-scale sample of the plow share die being 
machined. Since the follower is mounted on the 
carriage that carries the tool, the feedback is direct. 
The follower senses the difference between actual 
and desired carriage positions and moves the hy- 
draulic valve to cause the hydraulic actuator to 
drive the carriage to its correct position. This is a 
relatively simple system, with straightforward ma- 
chine instruction and one controlled motion of the 
carriage. 

The numerically controlled skin mill of Figure 3 
is more complicated. The original source of infor- 
mation is the engineering drawings, which are con- 
verted into tables of decimal increments for transfer 
to punched paper tape. The numerical director 
processes the information on the tape. Essentially, 
the director takes the incremental information and 
converts it to continuous analog data suitable for 
controlling the various machine motions. These 
analog signals are recorded on magnetic tape that 
directly instructs the machine. One director will 


handle several machines, since the magnetic tape 
alone can produce additional pieces. 

Three actuating loops are shown: one to control 
the reciprocating motion of the bed, one to control 
the vertical motion of the rise and fall head, and 
one to control the horizontal motion of the profiling 
head. Other machine functions are controlled in 
addition to those shown. But these are sufficient 
to show the complexity of the machining operations 
that can be controlled by using closed-loop and 
programming techniques. 

To be put to widespread use as production ma- 
chines, the automatic tools discussed here must 
fullfill two objectives: they must do the job satis- 
factorily, and do it cheaply. Doing the job satis- 
factorily involves sufficient accuracy, flexibility, and 
rapid servicing. Progress is being made toward 
meeting all of these requirements. 

But the big problem still is cost.. Discounting 
development costs, a complex control system may 
account for one-half or more of the total price of 
the complete machine tool. This may be good or 
bad, depending on the comparative cost of the 
items produced. More operating experience and 
development work undoubtedly will reduce costs 
of machines and operations. 


EXAMPLES OF HOOK-UP IN USE ON ... 


—— 
CONTOUR- 
FOLLOWER 
PLANER 


Contour-follower controlled planer. Simple system involves control of one 
motion directly from a sample piece. Rockford Machine Tool Co. FIG. 2 


114 CONTROL ENGINEERING 

















increments 





... A SKIN MILL 














Computer 











Numerical 
director 

















ia ae 
7 





















































Complex, computer-controlled skin miller. 























Operation is completely automatic, even to audibly 


notifying operator when work-piece inspection is required. Giddings & Lewis Machine Tool Co, FIG, 3 


WAYS TO INSTRUCT 
A MACHINE TOOL 


Instructing a machine tool involves taking the 
dimensional information from an engineering draw- 
ing and converting it to a form that can guide the 
machine’s operations. In the case of manual con- 
trol, the human operator converts the dimensions 
from a drawing into manual manipulations that will 
yield the required machined product. From time to 
time he checks the accuracy of his manipulations 
by stopping the machine and measuring the size of 
the workpiece. In the case of automatic control, 
the machine follows a program that tells it what 
to do and continually checks it to make sure the job 
is done properly. 

Figure 1 illustrates that the original source 
of information can be drawings, dimensions or 
curves, sample workpieces, or sample operations. 
One way to transfer information from a drawing 
to a machine is to automatically follow the actual 
lines on a drawing. If the operation involves only 
two dimensions, the lines can be traced photoelec- 


trically, with servos guiding both the photoelectric 
tracer and the machine. Possibly, a proportionality 
constant would be used to scale the size of the piece. 
For three dimensions, the problem can be solved 
by repeatedly applying two-dimensional drawings at 
the various values of the third dimension. It’s also 
possible to record these instructions in a memory 
(say by recording synchro output) rather than using 
them directly. Then one reader could handle several 
machines. 

This technique is only satisfactory for very low 
accuracy applications; for example, controlling con 
tour cutting by a burning torch. 

There are better methods of converting the di 
mensions on the drawing into instructions for the 
machine. There might be a chart in the corner of 
a drawing that can be marked by pencil lines and 
read by a digital mark sensing system. Or a card 
or chart might be attached to the drawing with 
marks or holes that can identify the dimensions 
and their meaning with respect to the displacement 
and the order of displacement on the drawing. 

In some cases, the dimensions can be expressed 
by a table of values that represent points on a curve. 
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These are the X, Y, and Z values (or possibly Ré and 
Z in cylindrical coordinates) corresponding to points 
on the line or curve that the machine is to follow. 
This is essentially what is done in the system 
in Figures 3 and 6, where decimal increments rep- 
resenting desired machine axes motions and time 
intervals are calculated and tabulated. In other 
cases, this data represent coefficients for equations 
that are identified by suitable codes. 

This information can then be transferred to a 
memory for further processing. In both of the 
above examples, this involves computing equipment, 
either to convert the incremental data into usable 
control signals or to solve the specific equations 
obtained by inserting the required coefficients. 

Where the information consists of a sample piece, 
this piece can represent both the original source 
of information and the memory device that directly 
instructs the machine. ‘The conventional tracer 
controlled machine such as shown in Figure 2 
illustrates this point. 

Another way to instruct the machine is to copy 
sample operations; this is commonly known as 
record-playback. If an expert machinist operates 
a machine to produce a standard piece, the motions 
which the machine makes can be recorded in a 
memory by feeding back the signal from carriage 
position measuring ’ devices. This information can 


then be played back and compared with the signals 
from the same or similar position measuring devices 
to duplicate the operation. 

It may be desirable to correct the operation after 


the original record cycle. 
to be eliminated or rates of motions changed 

certain points. With erasable memories this can 
be done by transferring to a buffer memory at the 
time of the operation, erasing the original, and 
replacing it with a signal that corresponds to one 
from the buffer memory plus a correction signal in- 
troduced by manual adjustments. Also, the record 
may be an average of several manual operations. 


Dead spots might have 


Automatic screw machine with cam controlled 
operations. Brown and Sharpe. FIG. 4 
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ADDING A MEMORY DEVICE 


The best known memory devices include sample 
work pieces, cams and templates, punched cards 
and tapes, and magnetic recordings. 

Cams have been used on automatic machines 
for a long time. ‘They are very flexible memory 
devices in the variety of things they can do, but less 
flexible in the amount of information they can 
store or the ease with which they can be produced 
or changed. Usually many cams are required, with 
each cam controlling a specific motion. Figure 4 
shows an automatic screw machine, with cams con- 
trolling turret indexing and tool mounting. 

Punched cards or tapes are digital devices, the 
holes representing coded digits punched in accord- 
ance with their position on the tape or card. They 
can represent successive positions on a machine or 
control on-off operations, such as starting a coolant 
pump. They are often used as intermediate storage 
to feed computing equipment, Figure 3. 

Magnetic recording devices often directly instruct 
a machine. Erasable, they can record either analog 
or digital data and thus control the digital or analog 
positioning systems covered in the next article. 

Analog information can be recorded as an ampli- 
tude-modulated, frequency-modulated or pulse-time- 
ratio-modulated signal. ‘The characteristics of these 
three recording techniques are shown in Figure 5. 
In pulse-time-ratio modulation, a sequence of square 
waves is recorded with the ratio of on time to total 
wave length proportional to the desired function. 
Amplitude modulation is limited to about five per 
cent accuracy while the other methods are capable 
of one per cent or better. 

In the digital method, on or off pulses are re 
corded. Any single number can be recorded simul- 
taneously on different tracks, or sequentially on the 
same track. It is also feasible to read magnetic spots 
on a tape moving intermittently or very slowly by 
detection with a static flux type head. 


Pulse 
time ratio 





Methods of analog modulation for recording sine- 
wave signal shown at bottom of sketch. FIG. 5 





Magnetic recording for this purpose is normally 
done on tape, often with multiple tracks. Other 
useful forms are the magnetic drums and discs, 
tape-drums, and magnetic wire. 

Tube or transistor flip-flops, ferro-magnetic mem- 
ories and ferro-electric memories can also be used. 
But their small storage capacity limits them to very 
small programs or buffer storage applications. 


USING COMPUTERS AND DIRECTORS 


Whether to use computing equipment and how 
much to use pretty well depends on the time one 
can give to instructing the machine (and on what 
type of personnel sets up the instructions). By 
performing enough manual calculations and deter- 
mining many increments, it is probably possible to 
prepare point-by-point machining instructions for 
most workpieces directly on the instructing memory 

—and without intermediate computing equipment. 
But this is expensive and takes a long time. At the 
other extreme is the complex semi-specialized com- 
puter that needs a bare minimum of instruction. 

Essentially, the amount of time required to pre- 
pare instructions varies inversely with the complex- 
ity of computing equipment. And depends on 
whether the computing unit is designed as special- 
purpose or general-purpose equipment. 

Computing machinery that can direct machine 
tools divides into two groups. The first accepts 
incremental information obtained from the engi- 
neering drawing and delivers a usable analog or 
digital signal to the tool. This is used to control 
the path and timing of the various machines’ mo- 
tions. It often interpolates automatically by solving 
one of the customary curve-fitting equations. This 
type of unit is shown in Figure 3. 

Instead of using a point-to-point method, it may 
be practical to define the shape of a workpiece by 
an equation in two or three dimensions. ‘Thus the 
second type of computing equipment is designed 
to solve a particular equation or family of equations, 


Poth of center y “ie 


of cutter eee 














Parametric equations against time t, so that both the path and 
the rate of cutting are determined (the poth must include cutter 
radius r). 


1 to 2(for 450) =¢ + V2r-Vt y= Vt 
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How to prepare a drawing and tables for instructing an equa- 
tion-solving computer. Table and sample diagram can be set 


up by draftsman. FIG. 6 


the only instruction being specific coefficients. 

For example, an equation that will describe a num- 
ber of forms by varying relatively few parameters 
is the general polar equation for a conic curve. 


This represents: 
A straight line for ¢ 
A hyperbola for  « 
A parabola for € = 
An ellipse for 0 « 
A circle for ‘ 


Figure 6 shows the equations for the motion of 
the center of a cutter to allow for cutter radius. 
By preparing a drawing in this manner the co- 
efficients with respect to the chosen X and Y or Ré 
axes, or their three dimensional extensions, can be 
recorded on the memory that feeds the computer. 

Once the signal specifying desired carriage motion 
is available to the machine, it remains to drive the 
carriage and measure its position. 





WAYS TO ACTUATE 
MACHINE TOOL FEEDS 


To control the metal-removing action of a tool 
in accordance with a predetermined program, it 
must be possible to drive the carriage holding the 
workpiece or the tool an amount proportional 
to a control signal. This implies that the feed 
actutator must be of the modulating type suitable 
for closed-loop systems, and must be fast, powerful, 
and accurate enough for the given duty cycle. 

Types of modulating actutators are hydraulic, 
electric, clutch, and pneumatic. Probably the most 
popular are the hydraulic drive units and the rotat- 
ing de controllers, since they incorporate high power 
with fast response and economical circuitry. Until 


recently, pneumatic power units were restricted to 
on-off applications because of the difficult stability 
problems resulting from time lags and energy stor- 
age. But methods for continuous pneumatic control 
have been developed. 

Usually a feed actuator drives a linear motion or 
rotary carriage similar to those shown schematically 
in Figure 7. The bed may be mounted on the 
frame of the machine or on another carriage and 
thereby develop combinations of linear and rotary 
motions. The linear motion carriage can be driven 
directly by a linear actuator, such as a hydraulic 
cylinder, or indirectly by rotary actuators through 
a lead screw or a rack and pinion. In like manner, 
rotary carriages can be driven lirectly by rotary 
actuators, or indirectly by rotary actuators through 
spur gears or a worm and gear. 
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Typical rotary and linear motion carriage configurations. Units emphasize mechanical independence of motions. FIG. 7 


HYDRAULIC ACTUATORS 


The types of hydraulic actuators include linear 
motion pistons and rotary fluid motors. The latter 
group consists of the gear, vane, and multiple-piston 
types. When classifying hydraulic systems, however, 
it is more convenient to differentiate ways of modu- 
lating the oil flow to the actuator than to differenti- 
ate types of actuators. For example, oil flow is 
controlled by throttling it through a valve or regu- 
lating the output of a variable displacement pump. 
Either of these control methods can be used with 
any of the above actuators. The input to either 
control can be mechanical, as in tracer controls, or 
electrical, as described below. 

The valve-type hydraulic servo using some type of 
four-way valve to drive a linear piston is most com- 
mon. It can deliver large amounts of power, has a 
high force-to-inertia ratio, and is compact, simple, 
inexpensive, and fast. ‘This system is particularly 


useful in simple tracer applications, where the input 


signal to the valve is obtained from a mechanical 
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Hydraulic tracer control attachment on lathe. Displacement 
of the follower-actuated valve stem is proportional to the 
difference between desired and actual tool position. Cylinder 
actuator is used. Turchan Follower Machine Co. FIG. 8 
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template and the feedback is direct and mechanical, 
Figure 8. 

Figure 9 shows a throttling-type system using an 
electronic preamplifier, electromagnetic valve oper- 
ator, two stages of valve amplification, and force 
feedback. This system gives high power output with 
small electrical input. The internal force feedback, 
shown dotted, is optional on one or both stages. It 
helps to stabilize the control system. 

Usually the electrically operated valves limit the 
speed and accuracy of these systems. Residual forces 
on the valve or dirt in the oil can overload the valve 
motor or even bind the valve. Valve binding can 
sometimes be prevented by adding dither. A re- 
cently developed balanced-plate hydraulic servo valve 
that requires little force to move and digests any 
ordinary dirt may help solve this problem. 

Where direct rotary output motion is required, 
oil flow is controlled by adjusting the output flow of 
a constant-speed variable-displacement pump. As 
mentioned above, this can drive a linear cylinder 
or a rotary fluid motor. A simple schematic of the 
latter system is shown in Figure 10. 

The stroke of the axial pistons in the pump end 
determines the volumetric output of the pump. It 
depends on the angle of the tiltplate. The tilt can 
vary through equal angles on both sides of a null 
(zero stroke) thus varying motor speed from maxi- 
mum in one direction, through zero, to maximum 
in the other direction. A torque motor can drive 
the tiltplate directly or through a small throttling 
hydraulic amplifier. ‘Torque motor displacement is 
proportional to the actuating signal and to the 
change in volumetric output of the hydraulic pump. 
Figure 1] shows a typical variable-capacity unit po 
sitioning the carriage on a machine tool. 

Stability problems are encountered in hydraulic 
systems. These result not only from normal feed- 
back, but also because of the compressibility of the 
fluid and its entrained air and the resilience of the 
hydraulic tubing. These store unwanted energy and 
cause time lags, and can be minimized by using short 
rigid tubing and reduced volumes, and by special 
internal feedback, one type of which is shown in 


Figure 9. 
ELECTRIC ACTUATORS 


The types of electric actuators suitable for ma- 
chine tool applications include two-phase servo 
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Programmed electrohydraulic servo actuator. FIG. 9 


motors, de servo motors, Ward-Leonard drives, ro 
tating amplifiers, and double-differential drives. 

The two-phase induction motor, Figure 12, con 
sists of two input windings (wound on the stator) 
spaced 90 electrical deg apart. For control purposes, 
one input winding is supplied from an ac line while 
the other is excited by the control signal from an 
amplifier. By varying the control signal’s phase and 
amplitude, rotation can be controlled. 

These motors are usually high speed, low torque 
devices, heavily geared down to drive the load. 
Their useful size is limited by the cost of electroni 
cally produced power. 

De motors can be controlled by varying either the 
field strength or the arinature current. ‘The method 
of control depends on the size of the motor. Small 
de servo motors with a maximum power capacity of 
10 to 20 watts use field control. Since the control 
signal for these units normally is supplied from a 
vacuum-tube amplifier, field control is desirable be- 
cause the power requirements are smaller. 

Figure 13 (A) shows a schematic of a field con- 
trolled de servo motor. It is essentially a shunt ma 
chine excited on the armature. The advantage of 
field control is that the power required (from dec 
amplifier) can be less than 10 per cent of motor 
power. 

The larger de control motors, such as those 
controlled by thyratrons and the various types of 
rotating de controllers, use armature control. 

Figure 13 (B) shows a thyratron armature 
control system for use up to 10 hp. ‘The motor is 
controlled by controlling the instant when the grid 
voltage is more positive than its critical value. The 
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motor responds to the average excess of current in 
one of the two directions. Variations of this system 
with special tubes can be used for drives up to 50 hp. 

A Ward-Leonard drive uses a simple motor gen- 
erator set, with the armature of the generator directly 
connected to the armature of the controlled motor, 
Figure 14. A push-pull de amplifier feeds the split 
field of the generator. When the current in the two 
fields is equal, the generator delivers no power to the 
motor. An increase in current in either field results 
in an output voltage proportional to field excitation 
across the armature brushes. The polarity depends 
on which field has the higher current, and in turn 
determines the direction of rotation of the motor. 
Ward-Leonard drives are used in all sizes up to 
several hundred horsepower. 

While the Ward-Leonard drive is a type of rotating 
amplifier, this term is usually applied to those units 
that use internal feedback within the generator to 
increase the power gain. Commercially available 
rotating amplifiers include the Amplidyne, Regulex, 
and Rototrol. Figure 15 (A), for example, shows 
a schematic diagram of an Amplidyne. This ma- 
chine combines two stages of amplification on one 
magnetic structure. The short-circuited quadrature 
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brushes develop heavy currents that produce a high 
strength quadrature field. This field acts as the input 
to a second stage of amplification and generates power 
at the main output. 

There are other means of multi-staging within 
a single machine frame. ‘The Rototrol uses two or 
more stages, each isolated by winding for a differ- 
ent number of poles. Successive connection of 
brush outputs to field windings makes possible multi- 
staging and large gains. 

Figure 15 (B) shows the playback side of a 
record-playback system using an Amplidyne to 
drive the carriage. The actuating signal is pre- 
amplified before it is delivered to the Amplidyne. 

An unusual type of actuator is the double-differ- 
ential drive controlling the radial feed on a com- 
puter lathe in Figure 16. ‘The two dc shunt gener- 
ators are driven by a constant speed drive motor 
through one side of two differentials, and the out- 
put shaft is driven from the other side of the differ- 
entials. Output shaft speed is equal to one-half the 
difference in generator speeds. ‘The polarity or 
amplitude of a control signal determines how much 
each generator field is excited by the thyratron con- 
trol unit. If both generators are excited equally, 
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they will run at equal speeds and the output shaft 
will stand still. But if the two fields are unequal, 
a circulating armature current will flow and the 
machine receiving the greatest excitation will slow 
down while the other will speed up. The difference 
in speed is available at the output shaft. Output 
position is controlled by feeding back the position 
of the output shaft to the control transformer. 


CLUTCH ACTUATORS 


High speeds of response or simple direction re 
versal can be realized by motor driven clutch 
actuators. For power ranges in machine tool control 
systems, the friction disc, eddy-current, and magnetic 
fluid or powder clutches are most important. 

In control system applications, clutch coupling 
can be either the continuous proportional type, 
where the degree of coupling varies with the magni- 
tude of the control signal, or the on-off type, where 
the coupling is zero or maximum. 

The magnetically operated friction disc clutch, 
an on-off unit, is normally used to directly drive a 
unidirectional load, or if there are two clutches, as 
in Figure 17 (A), to reverse the load shaft. 

The eddy current and magnetic powder or fluid 
clutches are inherently proportional, and coupling 
varies with the magnitude of the control signal. 
The operating principle of an eddy-current clutch is 
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Thyratron-controlled double-differential drive. 
The relative excitation of the two generator fields 
controls the speed and direction of output shaft 
rotation. National Advisory Committee for 
Aeronautics. FIG. 16 


Schematic of Amplidyne (A). Voltage is generated across A-A brushes 
as in conventional generator. Amplified power is developed at 
the B-B output brushes. (B) shows Amplidyne driving carriage 
in record-playback system. General Electric Co. FIG. 15 


analogous to that of a conventional induction motor. 
\ de field rotates relative to a conducting material, 
inducing eddy currents in this material and generat- 
ing a drag torque. ‘Torque is not developed unless 
input and output speeds differ. 

The magnetic powder or fluid clutch consists of 
a pair of plates separated by a magnetic powder 
combined with graphite, oil, or other lubricant. 
When a control signal applies a magnetic field, the 
powder forms a rigid mass capable of transmitting 
torque. Both the eddy-current and magnetic pow- 
der clutches are suitable for the type of clutch actua- 
tor shown in Figure 17 (B). ‘This unit can be 
used in either speed or position control systems. 

Another possibility in the adjustable coupling line 
is the fluid coupling, such as the Thomas Vari 
DRAULIC. The control of coupling is obtained 
by controlling the flow of oil from a gear pump. 


SPINDLE DRIVES AND CONTROLS 


The above discussion of machine tool carriage 
actuators was aimed primarily at their position con- 
trolling function. But many machine tools con- 
tinuously rotate either the workpiece or the tool, 
and actuators must also be provided for driving 
rotary spindles. Examples are lathes and_ boring 
machines which normally rotate the work, and mill- 
ing machines where the cutter rotates. Control of 
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netic powder clutches to continuously control 
the speed and direction of output shaft. FIG. 17 
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Multi-purpose spindle assembly adapted for wide range 
of spindle speeds and automatic clutching. FIG. 18 
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ance with work diameter or a programmed signal. FIG. 19 
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spindle angular velocity and thus cutting speed 
means improved finish and longer tool life. 

It is possible that with the design of flexible pro- 
grammed machine tools, one basic spindle unit 
could be used interchangeably to hold and drive 
the rotating member, be it workpiece or tool. ‘This 
might resemble the spindle assembly shown in 
Figure 18. With an electrically operated multi- 
speed transmission and an adjustable speed drive 
motor, a wide range of controllable speeds could be 
obtained. ‘This, combined with automatic chuck- 
ing and automatic part feeding, gives a flexible 
unit. And all these elements of flexibility could be 
programmed on a memory device. 

The drive motor is normally de and is controlled 
by one of the continuously adjustable systems dis- 
cussed under actuators: thyratron, Ward-Leonard, 
or rotating amplifier. Other possibilities involve 
magnetic amplifiers with de motors, or a fluid cou- 
pling. In any case, the motor should be electrically 
characterized so that it will deliver high torque over 
the desired speed range. ‘The multi-speed trans 
mission helps, since the motor can be continuously 
operated in its high torque speed range, while 
major changes in spindle speed can be obtained by 
changing transmission ratio. 

While open loop control of spindle speed is satis- 
factory for many applications, there is a more 
accurate system: an ac or de tachometer on the 
spindle feeds back an indication of actual speed. 
This is shown in Figure 19. Spindle speed is 
adjusted with an electrically operated multispeed 
transmission and a Ward-Leonard drive. 

‘There are two ways of obtaining constant cutting 
speed with this system. Using the diameter trans- 
ducer, one signal representing the desired cutting 
speed can be recorded (as shown) and the system 
will maintain this speed by varying spindle speed 
to compensate for changes in diameter. If there is 
no direct indication of ‘diameter t, a desired spindle 
speed signal that accounts for variations in diameter 
can be recorded. 





ptimized 
ant Process Control 
ears Reality 


SYSTEMS 
IN 
CONTROL 


If automatic control systems are to be applied in optimizing 
complex industrial processes, all important interrelating 
variables must be recognized and defined. The problem, 
therefore, is not so much one of designing the control system 
as determining the dynamic behavior of the process to be 
controlled. Here lies the real challenge to more effective 


plant control. 


In this reflective article, E. W. Silvertooth assays this prob- 
lem and some of the techniques and tools that can meet it. 


His conclusion: optimized plant process control is nearer than 


you think. 


E. W. SILVERTOOTH, Librascope, Inc., Glendale, Calif. 


The industrial automatic controller in general use 
today—while diverse in form and application—is still 
characterized by its limited ability to regulate 10° 

variables. It is debatable, therefore, whether one can 
consider a group of single-variable controllers as con- 
stituting an antousstic control system. True, the 
presence of even a single variable regulator i in a com- 
plex plant may have a salutory effect on the overall 
operation. But from the standpoint of the con- 
troller, only the one measured variable is regulated. 
And at the point where this measurement is taken. 

One outstanding exception is in the field of mili- 
tary fire control. Here the number of interrelated 
variables is of the order of 10', giving rise to a true 
control system. But here also there is a comparatively 
unique situation: an exact mathematical relationship 
exists between most of the variables. In cases of 
arbitrary relations—ballistics data, for instance—the 
individual functions are accurately established by 
observations and mathematical computation. 


Process Requirements Still More Complex 


When an industrial plant is the subject, the re- 


quirements for automatic control become somewhat 
formidable. The number of significant parameters 
in a catalytic cracker may be of the order of 10°. 
And in a complete refinery it is more nearly 10*. 

To illustrate, take the end product of a refinery 
—motor gasoline. This product is made in a variety 
of grades, from the premiums on down. Moreover, 
the properties are varied with the season of year and 
area of distribution. Since a gasoline may contain as 
many as’'15 components, and there may be as many 
as 10 qualities (flash point, alkalation, etc.) desired 
in each grade, it is clear that 150 entries must be 
made in the matrix to solve this problem alone. 

Extending this situation to a complete refinery 
introduces five or more raw stocks (crudes) of differ 
ent properties. There may be a plurality of catalytic 
crackers, thermal crackers, and thermal reformers 
and numerous secondary factors—operating on the 
raw stock. What’s more, multiple products range 
from lpg, aviation gasoline, motor gasoline, fuel, 
and furnace oil down to waxes and asphalt. 

Clearly then, any efforts towards synthesizing 
control systems that depend on interplay of process 
variables must necessarily be evolutionary. And 
confined, in the early stages at least, to very restricted 
phases of the plant operation. 
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FOUR OF THE OPTIMIZING TOOLS 


- PRODUCT ANALYZERS: 
Consolidated Engineering’s mass 
spectrometer is used to monitor 
molecular ion (m/e 26) as a 
function of cracking-furnace 
temperature in Wulff Process 
Co., Maywood, Calif. acetylene 
plant. 





Steps towards Optimized Control 


Not directly related to automatic control, but 
promising to play an important part in this future 
“optimization’’, are several techniques already being 
used in supervising today’s plants: 
> Centralization of information: The graphic panel 
brings essential data to a central point in organized 
form. This helps the operator comprehend and 
correlate a number of significant process variables. 
> Linear programming: A combination of mathemat- 
ical and logical techniques has helped adjust the 
plant to changes in raw stock and market require- 
ments for final products. Such programming could 
be extended to include game theory, since market 
needs for a product, rarely neatly defined, depend 
usually on interplay of competition, both in purchase 
of raw material and sale of final product. 
> End Point Analysis: Measurement of product yield, 
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. MULTI-CHANNEL RE- 
CORDING: Librascope, Inc.'s 
compact high speed multi-chan- 
nel digital data recording sys- 
tem is able to quantitize a wide 
variety of analog signals and 
store them in numerical form 
for subsequent analysis. 


using the mass spectrograph, infrared analyzer, and 
other instruments, coupled with certain computer 
facilities, provides information essential to logical 
control of the process variables. 

In addition to these three basic techniques, two 
new tools have appeared that give great promise of 
interrelating the variables in a complex process: 
> High speed multi-channel digital data recording 
systems: Now in general use, these devices are able 
to quantitize a variety of analog values such as 
voltage, shaft position, pressure, etc., and store the 
data in permanent numerical form for subsequent 
processing. Continuous monitoring of a set of vari- 
ables over even a relatively short period can yield a 
telling batch of raw data. The redundancy in this 
data will, of course, depend largely on the nature 
and size of the disturbances to the plant, and the 
inherent process time constants. 
> High speed digital computers: Units of large ca- 





.. . DIGITAL COMPUTING: 
ElectroData has furnished this 
medium-priced high speed dig- 
ital computing set-up to Socony 
Mobil Oil Company for analyses 
of data from various refinery 
operations. 








pacity—already being used—are able to extract use- 
ful conclusions from the data obtained. 


Process Mathematics 


If the rules of the process are completely unknown, 
it might be possible to determine several sets of 
steady state values of the variables and evaluate 


regression coefficients. The coefficients, however, 
merely indicate the extent of correlation between 
individual parameters. They offer little information 
on the nature of the relationships. Further, the 
interpretation of relationships in a system of any 
size would be most difficult. 

Holding the plant at steady state to get useful 
data may also prove difficult. In any case, these 
relations give no clue to the dynamic aspects, which 
must be known to devise appropriate controls. 

When the basic nature of the reactions are rea- 
sonably well established, an on-stream dynamic 





. . » GRAPHIC PANEL: This 
control station centralizes acet- 
vlene process information at 
American Cyanamid’s Fortier, 
La. plant. Large units at the 
right record infrared in-stream 
analyses of process components. 


analysis becomes possible. One can set up an appro 
priate system of simultaneous differential equations 
and measure the normal time variant behavior of the 
process—and then evaluate the coefficients of the 
equations. A series of values for each coefficient 
can be determined from many sets of data; then the 
statistical significance, in terms of magnitude, mean 
value, and deviations, can be established (see box). 

While the process is simple in principle, its ex- 
tension to large or high order systems presents diffh- 
culties. Just as in ordinary regression, a fit can be 
improved almost indefinitely on any given set of 
data by using more terms. But the actual significance 
of the terms then becomes less. Hence, when fitting 
a dynamic system it is necessary to test the coefh- 
cients for significance. 

Added to the above is the problem of sample rate. 
From an information theory point of view, the 
sample rate must be high enough to encompass all 
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significant frequencies. On the other hand, 
ping up” the sample rate also boosts the 
in derivative terms and reduces accuracy. 
Finally, the value of a statistical fit relies largely 
on the ranges of variables in the data. If one simply 
collects information on an already regulated plant 
without providing reasonable disturbances, the re- 
sulting equations will have little meaning. But one 
cannot go about blithely disturbing a large plant 
without giving serious thought to the effect on 
safety and economy. (See Dynamic Analysis With- 
out Upset by J. B. Reswick in the June issue of 
Conrrot ENGINEERING for a method of avoiding this 


pitfall.—Ed.) 


“step- 
“noise” 


Enter the “Learning Machine” 


The procedure outlined above is somewhat akin 
to that of the learning machine, which is computer- 
programmed to learn the process and—through ex- 
perience—establish its correct control logic. With 
two extensions, the method does, in fact, make a 
learning machine out of the plant-computer com- 
bination. The first involves closing the loop in the 
computer-plant direction—understanding, of course, 





STATISTICALLY DETERMINING 
PROCESS PARAMETERS 
In principle, the procedure is perfectly 
straightforward. A derivative can be approxi- 
mated by a finite difference expression: for 
example, 


dx a 
dt 
t= NT 
d?y 
( :) = (rN — 2rn 1 + XNn_2) r 
dt 
t=NT 


and integrals can be approximated by sums 


as 
N 
t 
X(s)\ds = yr 
—a 


j=—a 
so that a differential equation, even a non- 
linear one such as 
dY/dt+ KY? = 
can be approximated as 
Yn — Yn-i+ ArY?y = Xyr 

or, collecting, 

yn = (Yn — Yuu — Xyt) = A(tYn*) = Key. 

Now, by treating each successive sample 
as an ordinary regression equation, a statis- 
tical determination, using least squares or 
similar techniques, can be made of the un- 
known parameter K. Obviously, this process 
can only be employed with larger systems 
of equations if the resulting equation is 
linear in the regression coefficients—no mat- 
ter how non-linear it may be in the variables. 


(fy — Zy-.1)/T; 
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that the computer signals change control “con- 
stants” rather than provide control signals, 

‘The second extension is based on the proposition 
that neither man nor machine can learn what it 
cannot observe. ‘This suggests the introduction of 
some random elements in the “constants” of the , 
plant. Otherwise the computer can only “learn” 
the plant as it is, and won’t be able to “decide” if 
some other is better. 

Certain corollary advantages are gained by adding 
to the instructions and data of the plant-computer 
program and memory. For example, it might be 
established that an increase in temperature will lead 
to greater product yield. ‘The machine then can de- 
cide whether the needed energy increase to gain 
this temperature is economically justified. 

The nature of most processes in industry is fairly 
well known, and some of the difficulties above are, 
in reality, not as formidable as might have been indi- 
cated. ‘The fact is, most operations that are logical 
site for control systems already exist and operate 
fairly close to optimum. New plants will generally 
follow the pattern of the old and add the experience 
gained. Hence it can be assumed that much of the 
research into modern process control pattern—and 
potential—can be limited to investigating small linear 
excursions of the variables from set points established 
by prior knowledge. 


Obstacles Still Ahead 


While integrated control systems do enjoy this 


fortunate atmosphere, there are other very real 
problems related to the establishment of an adequate 
control logic. Some variables may defy measure- 
ment—catalyst activity, for example. Certain vital 
parameters may not be recognized. Or may be 
measured at the wrong location. ‘Then there is 
the problem of noise in measurement. ‘This poses 
the problem of selecting a proper filter to yield 
optimum information in a given test period. 

If these obstacles, as well as others unearthed by 
investigation, can be overcome, the rules of the game 
can be established. And once this is done, the 
actual instrumentation of the system will probably 
be quite simple. Then the involved maintenance 
and operating problems of the large digital computer 

—a machine essential for determining the relation- 
ships of the system—can give way to simple mechani- 
cal and electronic devices whose reliability and _per- 
formance already are well established. 

Major advances in plant efficiency will always 
come from chemical research and/or engineering. 
But, generally, each discovery will be confined to a 
particular plant or reaction. Synthesis of regulat- 
ing devices into an automatic control system can 
only be expected to offer small gains in yield. 

However, since advances in control concepts gen- 
erally apply to all plants, the economic significance 
of control research looms larger indeed. 





ELECTRONIC FREQUENCY REGULATION 


More than 3 years widespread use in laboratory and industry 
have proved the reliability, economy, and convenience of 
SORENSEN electronic FREQUENCY CHANGERS 


@ 45-65cps and 360-440cps output 
@ 250VA and 1000VA capacity 
e@ 1% and 0.01% frequency regulation 


Sorensen electronic frequency changers are now in widespread 
use as sources of precision 60cps or 400cps for timing applica- 
tions, for use with servo and gyro motors in design work, and 
for testing components or complete instruments that must 
operate over variable frequency conditions. They are used in 
checking equipment designed for 50cps (foreign) operation; the 
same instrument converts 50cps line to 60cps source. Many 
Sorensen frequency changers are also being used with field 
equipment in connection with motor generator sets, where 
frequency control is often inadequate. 


Portability is an important feature of Sorensen frequency 
changers. The units can be located right beside the load, making 
costly wiring and distribution systems unnecessary. Temporary 
requirements can be taken care of by moving the changer from 

MODEL FCD250 production line to lab and back, as needs arise. 
SPECIFICATIONS 


Model FCD250 FCD1000 vet 1000 
Input voltage 95- —" 1¢, 50- 208 or 230 VAC, 11), 50-60 cps 


Output voltage 1svAc, 1, adjustable between 110-120 volts 
Output frequency 400 cycles, adjustable +10% 45-65 cycles, 
adiustable 
Output voltage +1.0% +1.0% +1.0% 
regulation 
Output frequency +1.0% in standard models; +0.01% with auxiliary 
regulation frequency standard. Frequency fixed at 400cps, 50 or 
60cps with standard. 
Capacity A 1000VA 1000VA 
Load range 0-1000VA 0-1000VA 
Distortion 5% maximum 5% maximum 5% maximum 
P.F. range Unity to 0.5 lagging 
Time constant 0.25 seconds 0.5 seconds 0.5 seconds 
Envelope modulation 2% maximum 2% maximum 2% maximum 


AIRBORNE FREQUENCY CHANGERS 


Sorensen has designed and built a wide variety of frequency 
changers and inverters for incorporation in military aircraft. 
These instruments have various specifications and are not stand- 
ard. For the most part, the changers convert variable (320-1000 
cps) input to precision (+0.05%) output frequency, with mini- 
mum distortion (5-10%). 
Sorensen airborne inverters are built to convert 28VDC input 
to 400-cycle, 3-phase output, with output frequency accurate 
a hg ng yen to 0.05% over wide ambients. 
borne frequency changer, Sorensen’s heavy experience with commercial and military 
} ~ oR moped frequency changers is available for application to your pre- 
out aiies Se ores cision frequency problems. Your inquiries are invited. Sorensen 
wide ambient range. & Company, tnc., 375 Fairfield Avenue, Stamford, Connecticut. 


SORENSEN 


@ SORENSEN & CO., 375 FAIRFIELD AVE., STAMFORD, CONNECTICUT 
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‘Double-duty with a single pilot 


-only Leslie Duo-matic does it 
.. . in temperature rene 


The Duo-matic Leslie temperature regulator for controlling 
steam flow is a single unit, with a single internal pilot valve— 
yet it controls automatically both temperature and pressure 
conditions. No hunting or cycling on low flows ... eliminates 
temperature “droop” on heavy loads. 








Simplified piping and better control of fuel oil heaters, 
instantaneous and storage type heaters, driers, process heat- 
ers, kettles, open tanks, ovens, degreasing machines, steam 
tables, sterilizers, etc., more than offset the initial cost of this 
superior regulator. 


Investigate “dual-function” Duo-matic regulators — proven 
in service for over 19 years of applications. Leslie Class LTCO Duo-matic tem- 
perature and pressure regulator. 


WRITE FOR BULLETIN 5307 


REGULATORS And CONTROLLERS 


LESLIE CO., 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 


CONTROLLED QUALITY MEANS QUALITY CONTROLS 
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Our Schools 
Advance 
Control Engineering 


Spawned by the needs of industry, boosted by the recent war, automatic 
control technology is rapidly moving from an art to an exact engineering 
science. Traditionally, our schools and universities always play a basic role in 
technical progress. Control engineering is no exception. In the classrooms and 
on laboratory benches in at least fifty of our institutions, control is now being 
taught and advanced. Some tangible proof of this progress can be seen on 
Chicago’s Navy Pier during the forthcoming Production Engineering Show, 
Sept. 6-16. In a special exhibit—brought together and co-sponsored by CON- 
TROL ENGINEERING and two other McGraw-Hill publications, PRODUCT 
ENGINEERING and AMERICAN MACHINIST—eight colleges will display 
examples of their creative work in this field. Five of these projects are out- 
lined below and described in the following seven pages. 


FROM CORNELL 


a research project in the School of Mechanical Enginecring 


FROM CASE 


a doctorate thesis in the Department of Mechanical Engineering 


FROM OHIO STATE 


a research project in the Department of Electrical Engineering 


FROM M. I. T. 


a research project in the Department of Electrical Engineering 


FROM MICHIGAN 


a research project in the Electrical Engineering Department 
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FROM CORNELL UNIVERSITY 


A Hydraulic Analog 


for Thermal Circuit Analysis 


by PROF. C. O. MACKEY 


A thermal circuit can be 
analoged hydraulically as well 
as by electronics. The hydraulic 
circuit is often easier to use be- 
cause long time constants sim- 
plify generation of arbitrary- 
shaped input functions. This 
allows direct simulation of 
lumped thermal elements, 
rather than the dynamic equa- 
tions of the circuit. 


7. 
; 


’ 


When the heat flow is periodic, a 
practical way to analyze a thermal 
circuit is to lump the thermal resist- 
ances and heat storage capacities. The 
thermal circuit and heat flow can 
then be studied as electrical engineers 
study the flow of electricity in a cir- 
cuit of lumped resistances and capac- 
ities with an imposed periodic voltage. 

I'hree methods have been used to 
study these lumped thermal circuits: 

1. Analytical solution of the simul- 
tancous equations for each circuit 
point and for each harmonic. 

2. Electrical analogs that substitute 
electrical resistances for thermal re- 
sistances and electrical capacitances 
for heat-storage materials. 

3. Fluid analogs that substitute 
laminar fluid flow for heat flow in 


| 


i 
} 4 


A hydraulic analog used to study the cooling loads on an air condition- 
ing system due to sunlit glass and walls in an office building. FIG. 1 
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fluid circuits with resistance tubes and 
fluid storage tubes. 

The fluid analog has been used by 
students and staff in the Sibley School 
of Mechanical Engineering at Cornell 
University to study periodic heat flow 
in complex air conditioning systems. 
The resistance and storage elements of 
the fluid model are calibrated to simu- 
late the lumped components of the 
thermal prototype after flow, tempera- 
ture, and time scales have been se- 
lected. In most of these studies, 1 
min in the model has been used to 
represent 1 hr in the prototype and 
an increase in liquid level of 1 in. has 
been used to represent an increase. in 
temperature of 1 deg F. 

The period of most cooling load 
studies is 24 hrs and one model cycle 
is then 24 min. The fluid analog has 
no equal for visual study of these prob- 
lems because each temperature tube 
or each storage tube is a giant ther 
mometer where temperature fluctua 
tions at each circuit point are shown 
to a large scale. Figure 1 shows one 
arrangement of the fluid analog used 
to study cooling loads from sunlit 
glass and walls of a typical office 
building. 


FLUID PUMPING REQUIREMENTS 


The principal problem was the de 
sign of a positive-displacement pump 
to have a variable, periodic rate of 
fluid delivery. To simulate the rate 
at which solar energy is transmitted 
by a single, south-facing window on 
August 1 at 40 deg north latitude, 
using 1 cc per min of fluid flow for 
1 Btu per hr per sq ft of glass, the 
pump must deliver no fluid between 
the simulated times of 7 pm and 5 
am and deliver 18 ce per min at 
8 am and 4 pm, 69 cc per min at 10 
am and 2 pm, and 98 cc per min at 
noon. This cycle of delivery must be 
repeated every 24 min. 





Enclosure 
Enclosure capacity 


resistance 


Air Convection 


- temp etoa 


V 





Convection _. 
f toa 








Pump Floor 


surf temp 


Reservoir 


Schematic of the model on exhibit. 


Ihe pump must be flexible enough 
to simulate other delivery cycles, as 
for a west-facing glass and wall, with 
no major change. The final design 
uses two bellows driven through a 
cam-operated phasing mechanism. 
When the bellows are completely out 
of phase, there is no delivery; when 
in phase, there is the maximum de- 
livery. ‘The phasing is done by a cam 
that revolves once in 24 min. Any 
cyclic heat source may be simulated 
by changing cams. 


THE EXHIBIT ANALOG 


The exhibit model represents a 
simple Jumped thermal circuit. Solar 
radiation that is directly transmitted 
by south-facing glass is absorbed uni- 
formly over the surface of a concrete 
floor. ‘The remote surface of the floor 
is an adiabatic plane, so there is no 
conduction of heat through the floor. 
(he floor convects heat to the air of 
the enclosure and is completely sur- 
rounded by an enclosure with which 
it exchanges radiant energy. Solar ra- 
diation absorbed by the floor is either 
stored, convected to the air, or ra 
diated to the enclosure. Both surfaces 
of the enclosure are assumed to be at 
the same temperature so there is an 
idiabatic mid-plane in this enclosure. 
energy received by the enclosure is 
either stored or convected to the air. 

The variable, periodic delivery of 
the pump simulates the periodic heat 
source. One min in the model rep- 
resents | hr in the prototype and a 
rise in liquid level of 1 in. represents 
a temperature rise of 1 deg F. A 
needle valve on the liquid return line 
can be adjusted to represent any rate 


Enclosure 
surf. temp 


*Fioor copacity 


Circles at junctions repre- 
sent vertical glass tubes; note different diameter. 


FIG. 2 


Ihe exhibit model—analog of a simple enclosure 
heated by radiation through a glass wall. FIG. 3 


of heat removal (cooling load). The 
variation with time of the tempera- 
tures of the air, floor surface, and en 
closure surface may be studied. 

Copper tubing of the proper inside 
diameter and length simulates the 
lumped thermal resistances seen in 
Figure 2. Glass tubing of larger cross 
section simulates the lumped heat 
storage clements. ‘Three small diam- 
eter glass tubes of negligible storage 
capacity indicate the temperatures of 
the air, floor surface, and enclosure 
surface. 

The resistances must be sized for 
the viscosity of the fluid and with 
regard to the scale factors. In the 
larger analogs, silicone oil has been 
used because of its small change of 
viscosity with temperature change. 
Any difference in fluid viscosity from 
tube calibration conditions to operat- 
ing conditions affects the scales. 

The model illustrates how easy it is 
to study any desired control schedule. 
For example, if the temperature of 
the air is to be held constant, the 
needle valve may be manually ad- 
justed to maintain the desired liquid 
level in the air temperature tube. ‘The 
rate of oil run-off at any time repre 
sents, to the scale of the model, the 
rate of heat removal or the instanta- 
neous cooling load. If some other 
control schedule is to be followed—as, 
for example, a constant air tem pera- 
ture between 7 am and 5 pm with 
cooling equipment shut down for the 
remainder of the day, this can be 
done and the change in air tempera- 
ture during the evening will be shown. 
It is also possible to remove just as 
much heat as enters the structure each 


day, but at a steady rate. This condi- 
tion can be simulated; the correspond- 
ing fluctuation in air temperature with 
time is shown. 

Ihe analytical solution for even 
a simple thermal circuit is greatly 
complicated by imposing control 
These may be followed 
readily on the analog, which possesses 
great advantages for this type of study. 

The fluid analog has been found to 
be a wonderful visual teaching aid 
for the representation of complex 
thermal systems and a handy research 
tool for the analysis of practical prob 
lems in heat flow. 


schedules. 
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FROM CASE INSTITUTE OF TECHNOLOGY: 


A Numerical, Punched Tape, 
Machine Tool Control System 


by H. W. MERGLER 


Punched-tape-reading control 
systems for machine tools don’t 
have to be expensive. The ma- 
terials for this one cost only 
$1,900. And it was designed 
and built almost entirely by 


one man. 


I'he numerical control system was 
designed to position a work piece with 
respect to a machine tool’s stationary 
cutter axis in the orthogonal coordin- 
ates x and y. The control receives its 
data from a paper tape in which is 
punched numerical codes derived from 
the original specifications or drawings 
of the part to be machined. Thus the 
machine traverses the work over a 
predetermined (programmed) path. 

The punched paper tape is the stor- 
age medium. It contains incremental 
displacement codes for Ax and Ay, 
sign codes for Ax and Ay, and rate 


Numerical control system diagram. 


FIG. 1 


points, rather than steps. 
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If rate information is in- 
cluded on the tape, the system generates straight lines between 


codes for dx/dt and dy/dt. Displace- 
ment codes can designate any length 
from 0 to 1.000 in. in increments of 
0.001 in. Rate codes can vary from 
0 to 0.065 in. per sec in increments 
of 0.001 in. per sec. 


USES BINARY-DECIMAL CODE 

The displacement code is binary- 
decimal, because it represents the best 
compromise between straight binary 
and straight decimal from the stand- 
point of complexity of equipment and 
ease of visualization during tape prep- 
aration. Six Potter binary-decimal, 
non-reversible decades comprise the 
complete displacement registers for 
both Ax and Ay. ‘Two, 2-decade, 
binary-decimal thyratron registers de- 
code the rate information. 

A single “block”, or “word”, or 
“instruction” is about 1 in. long on 
the tape and has four rows of parallel 
codes for Ax, Ay, dx/dt, and dy/dt, 
together with signs. ‘The tape feeds 
intermittently through a photoelectric 
tape reader, one block at a time. The 
thousand’s complements of the de- 
sired displacement increments are 
read from the tape as pulse data and 


distributed to preset the registers. 

The rate information is set simulta- 
neously in the thyratron registers and 
causes two rate oscillators to emit 
pulses at frequencies controlled by 
these thyratron registers. Their fre- 
quencies vary from 0 to 65 pps. 

‘These pulses drive x and y stepping 
motors until the number of steps ex- 
ecuted by cach motor equals the 
complement of the number preset in 
the respective registers. When the 
proper number of pulsed steps have 
been made by each stepping motor 
their registers emit signals which ad- 
vance the tape to inject a new block 
of information into the registers. 


DOES SIMPLE INTERPOLATION 


By including both increment and 
rate data on the tape successive data 
points may be connected by single 
straight lines rather than steps. In 
other words, the control does a first 
order interpolation, ager also may 
be expressed as Ax/x = Ay, 

Power servos eae the inte- 
grated angular rotation of the step- 
ping motors at the machine tool’s co 
ordinate screws. ‘They are separately 
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The control system and the milling machine whose table it posi- 
The system will be exhibited —— a combination 
table like that of the milling machine. 


FIG. 





excited dc motors with thyratron 
(C3JA) armature control and drive 
the screws in a synchro coupled con- 
trol loop. Error-rate damping is used 
to smooth as much as possible the 
discrete displacements made by the 
stepping motors and _ still maintain 
good following accuracy. 

The numerical control system is 
presently used on a milling machine 
to position the lateral and transverse 


table screws. No control has been pro- 
vided for the vertical axis, although 
only 5 of the 8 available tape rows 
are used. The control contains 125 
tubes (excluding power supplies) and 
3 relays. All gating and switching is 
clectronic. About 400 ma of regulated 
de are needed by the control, plus a 
30 amp filament supply. The entire 
control system cost about $1,900. 
The milling machine itself will not 


be exhibited. Instead, the system will 
drive a eombination work table similat 
to that on the milling machine. 

lhe primary objective of this re- 
search was not to develop a control 
system superior to its contemporarics, 
but rather to build an information 
handling and control system of ade- 
quate performance whose cost was 
in economic balance with the ma- 
chine tool which it controls. 


FROM OHIO STATE UNIVERSITY: 


Servos That Use Logic Can Optimize 


by ASST. PROF. ROBERT L. COSGRIFF 


Because the garden variety 
servomechanism can generate 
no action of itself it is almost a 
static thing, merely a slave to 
an external commander. Build- 
ing in a little logic might do 
many things. One thing it can 
do is enable the servo to find 


maxima or minima by itself. 


In the prototype servomechanism, 
the difference between the input and 
the output is amplified and used to re- 
duce the error by driving the output in 
the proper direction. Today’s servo 
does not differ conceptually from its 
earliest form. It still only matches 
the output with the input. 

The servomechanism can be given 
an entirely new dimension by adding 
a few simple logical decision elements. 
The output then need not merely 
correspond to the input; it can be the 
best possible output for that input. 
lor example, if the servo controls air 
flow to a gas burner and the ouput 
is the flame temperature, the output 
can be the maximum temperature 
possible for the gas being burned. 
Thus the servo is no longer just slave 
to the input—it is an optimizer.* 

The basic logic elements are of 
three kinds: “and,” “‘or,”’ and “not’’. 

*__See “Computer Circuit Finds Peaks 
Automatically”, Conrrot ENGINEERING, 
October 1954, page 70. 


The “and” and “or” elements may 
have several inputs. The “and” cir- 
cuit has an output only if a signal is 
present on all of its inputs; Le. if 
input A and input B and input C and 
etc., are all energized. The “or” cit 
cuit has an output if any one or more 
of its inputs are energized; i.e., if 
input A or input B or etc., or any 
combination of inputs, are energized. 
The “or” circuit will have no output 
only if there are no inputs. 

The “not” circuit is different. It 
has only one input and one output. It 
has no output when the input is en 
ergized, and does have an output when 
the input is not energized. 


APPLYING SOME LOGIC 


The logic that the servomechanism 
must follow to optimize the flame 
temperature in the case described 
above is as follows (A indicates an 
“and” statement; O, an “or” state- 
ment; N, a “not’’): 

A,—If air flow is increasing and 
temperature is increasing, con- 
tinue increasing the air flow. 
If air flow is increasing and 
temperature is decreasing, de- 
crease the air flow. 

If air is decreasing and tem- 
perature is increasing, continue 
decreasing the air flow. 

If air flow is decreasing and 
temperature is decreasing, in- 
crease the air flow. 

O,—If condition A, or A, exists, 
increase the air flow. 

O,—If condition A, or A, exists, 
decrease the air flow. 

Note that to follow this logic, the 
servo must know whether air flow is 
increasing or decreasing and whether 
temperature is increasing or decreas- 
ing. The dead-space coupler shown 
in Figure 1 will provide this informa- 


‘ 

Valve shaft 
The dead-space coupler used in this system 
to measure whether air flow and tempera- 
ture are increasing or decreasing. If not 
too great, the dead space in the air valve 
coupler has no effect; but that in the 
coupler on the temperature shaft affects 
the amplitude and frequency of system 
hunting. FIG. 1 


h- 











The original logic can be diagrammed like 
this, without considering the time lags in 
a real servomechanism. FIG. 2 


Temperature 








Air flow 


The function to be optimized must have 
a definite peak, or a definite minimum. 
The exhibit model of the optimizer will 
maximize the temperature at a_thermo- 
couple by moving a gas burner laterally 
below it, finding the peak in temperature 
vs. position. FIG. 3 
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Delays make up for the time lags in the system and “not” 
elements insure the correct sequence of logic. FIG. 4 


tion about air flow when inserted be- 
tween the air valve and the control 
motor, if the valve has enough static 
friction to neglect valve inertia. A 
commercial servo-controlled tempera- 
ture recorder provides a shaft that can 
be used with the dead-space coupler 
to get similar data about temperature. 

The dead-space couplers produce 
the following signals, which are data 
for the “and” elements: 

a+ —energized only if air flow is 
increasing . 

a— —energized only if air flow is 
decreasing 

h+ —energized only 
ture is increasing 

h— —energized only 
ture is decreasing 

The logical statements made above 
can be diagrammed as in Figure 2, 
where y, causes the control motor to 
increase the air flow, and y. causes 
the motor to decrease the air flow. 
Although this diagram is a proper solu- 


if tempera- 


if tempera- 
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tion for the logical statements, it does 
not consider the time lags in the 
physical system and would lead to seri- 
ous instability if instrumented. 


LOGIC IS ISOCHRONIC 


Because each of the logical state- 
ments considers temperature and air 
flow at the same instant, time lags 
in the measurement of any of the 
conditions in these statements must 
end before action on the statements 
can be taken. 

The air flow-temperature character- 
istic of a gas burner is shown in Fig 
ure 3. The logical statements indi- 
cate that the optimizing servo will 
hunt back and forth about P,. If air 
flow is increasing and temperature 1s 
decreasing, A,, the system has passed 
the peak and is approaching P;. The 
motor has been receiving reverse cur- 
rent (decrease air flow) since just 
after P,. Its inertia carries it in the 
air increasing direction until P,, when 
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A relay solution of the logic in Figure, 5. 


Magnetic elements or transistors could also serve the purpose. FIG. 6 
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Because y: is on when y, is off and vice versa, Figure 4 
can be simplified as diagrammed here. 


FIG. 5 


the motor reverses and the air imme- 
diately starts to decrease. Because the 
air flow condition is measured by a 
dead-space coupler directly on the 
valve shaft, the only time lags are 
those due to the dead space and the 
closing times of relays that follow. 

The temperature, on the other 
hand, is measured by a thermocoupk 
system with a much greater time lag. 
Action on the statements, then, must 
be delayed long enough to include 
the lag in the temperature measure 
ment. ‘To keep the delay as short as 
possible and maintain system response, 
the delay should be measured from the 
latest change of condition. 

Note that, as the system passes P, 
in either direction, only the tempera- 
ture changes. ‘The lag in the tempera- 
ture measurement at this point can 
cause no instability, simply contribut- 
ing to the magnitude of hunting. 

At P, and P,;, however, the air flow 
and temperature should reverse simul- 
taneously. Unequal lags in these two 
measurements would cause incorrect 
statement of the conditions. ‘Thus, 
action must be delayed for a time long 
enough to include the longer, thermal, 
lag. A stable system can be built, 
therefore, by simply delaying the 
change of y, and y, long enough after 
P, and P,. This delay appears also, un- 
fortunately, in cither direction, imme- 
diately after P,, when y should change 
instantly. This causes a dead space 
about P,, and increases the hunting 
about the optimum condition. 


AND MORE LOGIC FOR STABILITY 


The system’s performance can be 
improved while increasing its margin 
of stability against sudden changes 
in the position of the peak, P,, on 
the air flow axis (e.g., when the op 
timizer must follow a varying gas 
flow). The original logical statements 
must be constrained to occur only in 





the order A,, A,, Ay, A,, A,, etc. Fur- 
thermore, the necessary delays must 
appear only after A, and A,; i.e., after 
P, and P;. This can be done by im- 
plementing the following logic: 

> A, and A, must have no output for 
a short time after the end of A, 

> y, must remain on for a short time 
after the end of A, 

> A, and A, must have no output for 
a short time after the end of A, 

> vy, must remain on for a short time 
after the end of A, 

This logic is included in Figure 4 
by adding D,, N,, D., and N, to the 
diagram of Figure 2. Note that y, is 
on when y, is off and vice versa. Thus, 
v. can be generated by a “not” ele- 
ment from y, This eliminates the 


need for O, and all other elements 
concerned solely with O,. A diagram 
thus simplified is shown in Figure 5. 
Figure 6 shows one way to implement 
the diagram of Figure 5, using only 
relays. The diode rectifier at the “‘or’ 
junction prevents the A, delay relay 
from holding itself on indefinitely. 
If an optimizing servo that maxi- 
mizes flame temperature by con- 
trolling air flow as just described is in- 
cluded in a temperature control sys- 
tem that maintains temperature con- 
stant by controlling gas flow, fucl costs 
can be minimized in the constant 
temperature system. Many similar 
ways to apply the optimizing servo will 
suggest themselves to those concerned 
with systems that include a peaking 


function, as in Figure 3. 

Although only the optimizing con- 
trol system has been investigated, it is 
believed that many other applications 
for logical elements will be found in 
the servomechanism field. 

The author appreciates the con- 
tributions to the development fund 
for this study made by the alumni of 
the Ohio State University, and ac- 
knowledges also a grant-in-aid admin- 
istered by the graduate school. Ac- 
knowledgment is made of the con- 
struction and analysis of an earlier 
optimizing system by Mr. Emerling, 
and the work of Mr. Moore on the 
present system. Mr. Emerling and 
the author are preparing a detailed 
analysis of optimizing systems. 


FROM MASSACHUSETTS INSTITUTE OF TECHNOLOGY: 


A Pressure Control System for the Iron Lung 


by JOHN E. WARD 


The body respirator, or “iron 
lung”, normally uses a primi- 
tive crank-and-bellows pressure 
control system. Medical re- 
search needs for greater flexi- 
bility in the cyclic pressure pat- 
terns applied to the patient led 
to this servo-controlled pressure 
system. 


The ordinary body respirators for 
patient care have very rudimentary 
pressure control systems—usually a 
large bellows actuated by a crank or 
cam. Pressure patterns cannot be 
controlled precisely because of inevi 
table Icaks in the tank at the neck 
opening and elsewhere. Also, pattern 
shapes and amplitudes cannot be ad- 
justed casily because of the mechani 
cal linkage. Leaks make it impossible 
to hold any steady pressure differen! 
from atmospheric. 

To study how pressure patterns af- 
fect patient comfort and therapeutic 
effectiveness, a servo-controlled pres 
sure system was specified for use as a 
research tool. ‘The specifications were 
written by Drs. James L. Whittenber- 
ger and Jere Mead, at the Harvard 
School of Public Health. ‘The experi- 
mental pressure control system was 
designed under sponsorship of the 
National Foundation for Infantile 


Paralysis. The equipment has been 
used for two years in laboratory re 
search at the Harvard School of Pub 
lic Health, which has loaned it for the 
exhibit. 

The control system uses a blower 
and a servo-controlled valve arranged 
so that the same blower can make the 
pressure in the respirator tank either 
higher or lower than atmospheric pres 
sure. A pressure transducer in the 
tank gives an electric signal propor 
tional to tank pressure. This signal 
is compared with the signal from a 
pattern generator and the error con- 
trols a servomotor which opcrates the 
air valve. 

\ function generator produces re 
petitive pressure patterns of any desired 
shape, subject only to limitations in 
rate of change of pressure determined 
bv the valve and blower. 

The generator uses circular paper 
cams to modulate the light intensity 
in a photocell circuit and produc« 
proportional electric signals. ‘The 
cams can be made or altered easily 
with scissors. Cam speed can be 
varied over a range from 4 to 60 
respirations per min. 

Because of the research nature of 
the system, the valve and blower are 
several times larger than would be 
needed for a body respirator for nor 
mal patient care. 

The system is used to test various 
repetitive pressure patterns on polio 
patients and volunteer subjects. It also 
has proved an invaluable aid in pres- 


sure-volume studies on 


lung speci 
mens, which are nonlinear. 

There is hope that before long 
closed-loop operation around the pa 
tient can be approached by replacing 
the function generator input with a 
signal derived from the patient him 
self. ‘The exact nature of this signal 
from the patient has not vet been 
established, but this is the goal of 
research now going on. 


Air valve and blower with iron lung in 
background. The rotary valve is turned 
by a 5-watt servomotor in response to pres- 
sure error. The valve has five air connec- 
tions: inlet, exhaust, blower suction, 
blower exhaust, and controlled pressure to 
the respirator. ‘The blower capacity per- 
mits respirator pressures of 50 cm of 
water above or below atmospheric, and 
pressure changes of 100 cm of water per 
sec. 
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FROM THE UNIVERSITY OF MICHIGAN: 


An Automatic Random Programmer 


by GORDON A. ROBERTS 


A purely random sampling is 
necessary to the success of sta- 
tistical quality control methods. 
This equipment includes all the 
elements for true random time- 


and position-sampling. 


The basic random selector is funda- 
mentally a random number generator 
of one digit in binary form. Its output 
can be designated as a “yes” or “no”. 
The design allows the probability of 
occurence of a “yes” to be adjusted 
between 0.0 and 1.0. A “question 
pulse” is necessary from an external 
controlling device to request a random 
number, 

A gas diode is a simple source of 
random signals with a Guassian ampli- 
tude distribution. The 6D4 miniature 
gas triode, in an external magnetic 
field and diode-connected, can be used 
as such a source. If the instantaneous 
voltage across its load resistor is sam- 
pled when a decision is to be made, 





the voltage observed has a random 
amplitude from one sample to another. 

Figure 1 diagrams the basic random 
selector. The output of the 6D4 noise 
source is amplified and rectified in 
a full-wave circuit. A de component 
is added to the rectified noise volt- 
age to permit the adjustment of the 
possibility of a “yes” decision. This 
noise-plus-de is sampled by a gate that 
does not shift the dc level or intro- 
duce any switching transient. 

Sampling duration, noise bandwith, 
and sampling rate must be compro- 
mised. For this equipment, which has 
a very low sampling rate, but which 
was used to test ability to detect vis- 
ual signals, the sampling duration 
chosen was 0.4 millisec. Then the 
noise amplifier bandwidth was set at 
about 2,000 cps. The output of the 
sampling circuit is applied to a 
Schmidt trigger circuit, which pro- 
duces an output if the sampled noise 
plus<le exceeds a critical value. 

The decision of the selector is inde 
pendent of the time at which it is 
asked to make a choice. Thus the ma 
chine can be questioned cyclicly or 
randomly in time. Figure 2 illustrates 
the noise signal before sampling. 

The basic random selector can be 
extended to make one choice out of 
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The basic random selector. Gas tube noise output is rectified and an adjustable dc 
voltage added to control probability of triggering Schmidt voltage discriminator. FIG. 1 
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Full-wave rectified Guassian 
noise before sampling. FIG. 2 


The extended random _ selector 
chooses any one of N outputs at 
random by sampling N basic random 
selectors in time sequence. FIG. 3 
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N possibilities by using N “basic ran- 
dom selectors” and sampling them in 
time sequence. If the basic random 
selectors are numbered in sampling 
sequence, the first basic random selec- 
tor to come up with a “yes’’ decision 
is the random choice among the N 
possibilities. 


THE EXTENDED RANDOM SELECTOR 


The extended random selector is 
diagrammed in Figure 3. Because the 
samples are taken in time sequence, 
one noise source and one voltage dis- 
criminator (Schmidt circuit) can be 
used in common. The “question” 
signal for one of N_ possibilities is 
applied to the first of the N time de 
lays. Each delay is associated with 
one basic random selector and one 
coincidence circuit. ‘Thyratron A fol 
lowing the voltage discriminator is 
fired by the first basic random selector 
to make a “yes” decision. This thyra 
tron continues to conduct until the 
end of the sequence. Capacitive cou 
pling between the thyratron A and the 
coincidence circuits allows only onc 
pulse to appear at the common grids of 
the coincidence circuits during the 
entire sequence. 

When thyratron A fires, it coin 
cides with the question signal to one 
basic random selector. Thus, the co1 
responding storage thyratron fires and 
the “choice” of the extended random 
selector is stored for later use. 

Because of its use for psychophysical 
testing, the exhibited machine has 
built-in timers that automatically sc 
quence it through the various steps 
of the test. But the unit could be 
asked for a decision by an external 
agent; ¢e.g., on a statistically-sampled 
production line, by a production unit 
itself. 
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Wransicoil 


GEAR MOTORS ee e's 





YOUR PRACTICAL 
GUIDE TO GEAR TRAIN 
-CONTROL MOTOR 

COMBINATIONS 








Now you can design high-quality, precision servo systems 
with prior knowledge of delivery dates to meet hot pro- 
duction deadlines. Transicoil’s new gear motor bulletin 
gives you, for the first time, complete availability data on 
the units you need to meet tough space and performance 
requirements. 

The complete list of gear ratios available — for sizes 
9, 11, 15, and 18 control motors — is keyed in two ways. 

One covers “immediate” 

gear ratios — available 

within one week of receipt 

of order. The other is made Transicoil Corporation 
up of “quick” gear ratios — WORCESTER, MONTGOMERY COUNTY, PA. 

requiring an additional two 
weeks. 

Also included are a wealth 
of servo control ideas pre- 
sented in numerous case his- 
tories of custom assemblies FIRM 
designed and manufactured 
by Transicoil to solve par- 
ticular problems. Write now 
for your free copy. 


Please send me a free copy of your new gear motor 
bulletin. 


a icrsceticccsticciereninti 


ADDRESS 
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PROJECTS 


Our eight current military contracts 
support a broad range of advanced 
development work in the fields of 
modern communications, digital com- 
puting and data-processing, fire-con- 
trol,and guided missiles. This work is 
supplemented by non-military activi- 
tiesin the fieldsof operations research, 
automation, and data-processing. 


FINANCES 


In 1954, our first full year of operation, 
we showed a good profit. Of greater 
importance, however, are the arrange- 
ments recently completed with 
Thompson Products, Inc., our corpo- 
rate associate, whereby we are assured 
additional funds up to $20,000,000 
to finance our expansion requirements 
of the next few years, and insure the 
long-range stability of the company. 





The Future 


Our first year and a half of corporate history 

encourages us in the belief that our future will be one 

of expanding productivity. But whether we remain a small 

company or grow large, we plan not to lose sight of the fact that 
the continued success of The Ramo-Wooldridge Corporation depends 
on our maintaining an organizational pattern, a professional 
environment, and methods of operating the company that are 
unusually well suited to the very technical, very special needs 

of modern systems development and manufacturing. 
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pane lll After Twenty-One Months... 


RESEARCH AND DEVELOPMENT PERSONNEL 


Total population figures, such as those displayed in the curve, 
tell only a limited story. Personnel quality factors are most 
important, in our kind of business. We believe we are doing 
well in this respect. Of the 90 Ph.D’s, 65 M.S's and 75 B.S's 
or B.A’s who today make up our professional staff, a gratify- 
ingly high percentage are men of broad experience and, 
occasionally, national reputation in their fields. 


FACILITIES 


By mid-1956 our Los Angeles facility will consist of seven build- 
ings totalling 300,000 square feet of modern research and devel- 
opment space. Two of the three buildings now complete and 
occupied are shown at bottom of this page; a fourth and fifth are 
presently under construction, the others are in the design stage. 














MAN U FACTU RING 


We are somewhat ahead of the usual systems develop- 
ment schedule, with some of our projects having arrived at the 
field and flight-test stages. We are now planning a facility for 
quantity production of electronic systems. Construction on the 
initial unit of 160,000 square feet (shown above) is expected to 
start in late 1955, with manufacturing planned for late 1956. 





The Ramo-Wooldridge Corporation 











BB2O BELLANCA AVE.LOS ANGELES 45 CALIFORNIA, 





A MESSAGE TO AMERICAN 


INDUSTRY ® ONE OF A SERIES 


Lagging Public Construction — 
A Spreading National Blight 


The most recent editorial in this series dealt 
with the plans of American industry for expand- 
ing and modernizing its plant and equipment 
over the next four years. These plans call for 
the expenditure of $113 billion over that period. 
There is a good prospect that the money to carry 
them out will be available. If the plans are car- 
ried out, manufacturing capacity at the end of 
1958 will be double that which existed at the 
end of World War II. And this industrial plant 
will be modernized. 

In sharp contrast to this picture is the condi- 
tion of our public plant and equipment — the 
roads, schools, water supply, health and sani- 
tation facilities upon which industry, as well as 
the average family, depends. According to a 
recent estimate by the Twentieth Century 
Fund, the people of the United States must 
spend almost $100 billion on new public 
works projects during the next five years 
merely to meet the minimum needs of our 
growing economy. 

Other estimates by the President’s 
Council of Economic Advisers, by state 
agencies and by private construction econ- 
omists all show the same condition: a stag- 
gering need for public works. Yet no steps 
have been taken that even offer a promise 
of closing the gap between the public facil- 
ities we are building and the greater facili- 
ties we really need. 


How did we come to let our public facilities 
fall into this sorry state? Here are some of the 
reasons: 

(1) During the years of depression and 
war, from 1930 to 1945, these facilities were 
neglected. New construction declined, and 
even maintenance was cut. 

(2) Since the end of World War II, in- 
creased construction costs have made it 
difficult for communities to get the needed 
construction with the funds budgeted in the 
past for that purpose. 

(3) The great postwar upsurge in popu- 
lation, and the spreading of our population 
into new areas, has created a huge demand 
tor additional community facilities before 


the neglect of earlier years could be made up. 


Responsibility Divided 


Now the need for more public construction 
has become apparent to everyone, on jammed 
highways and in over-crowded schools. But, un- 
fortunately, the responsibility for doing some- 
thing about this situation cannot be so clearly 
fixed as can the responsibility for maintaining 
industrial facilities. A business firm must ex- 
pand its capacity when markets are growing or 
lose its trade position. It must modernize its 
plant and equipment or be undersold by more 
efficient competitors. In the case of public facil- 
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ities, there is no such competitive incentive. To 
be sure, a city or state may lose population and 
industries if its public facilities are inadequate. 
But such shifts are very slow to take place and 


difficult to relate to any specific public program, 


or lack of it. 

Moreover, the responsibility for constructing 
public facilities is divided between state and 
local governments and federal authorities. 
Within each of these governmental units there 
are specialized bureaus or departments with 
varying responsibilities. This division of re- 
sponsibility obviously adds an element of difh- 
culty to the development of an adequate 
program of public construction. 


Breaking the Log-Jam 


How can this administrative log-jam_ be 
broken and the financial difficulties overcome? 

One course would be to have the federal gov- 
ernment step in with a nation-wide new program 
of direct spending on public works. That would 
utilize the resources of the federal treasury for 
immediate action. But there are weighty objec- 
tions to such extensive federal participation. 
One is that federal spending cannot be greatly 
enlarged without a corresponding increase in 
the federal control of decisions that normally 
have been left to local communities. Another 
objection is based on the fact that so long as we 
must maintain a large defense establishment, 
such an addition to federal spending means 
either higher taxes or a chronically unbalanced 
budget. 

The other course is to rely primarily on local 
initiative, but with new and more effective fed- 
eral aid to local governments. Such aid would 
help speed up planning and construction, and 
contribute toward a solution of the most burden- 
some financing problems, but in amounts sufh- 
ciently limited to require that most of the capital 
be raised locally. 


No Single Formula 

No one formula can be applied to make such 
aid effective. The raising of funds for new 
schools, for example, involves problems very 
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different from those of financing highways, or 
water-works, or hospitals. But it does seem 
clear that, in all these fields, the federal grants 
must be designed to stimulate more local plan- 
ning and financing than has prevailed in the 
past. Among the new ideas that may offer such 
incentives are federal grants for planning and 
initial costs and federal guarantees of local 
bond issues. Such aids have been remarkably 
effective in the fields of slum clearance and 
public housing. 

While the federal government clearly has a 
role to play, we cannot afford to postpone in- 
auguration of an adequate public construction 
program while we seek a formula to apportion 
governmental participation that would be gen- 
erally accepted as ideal. Every year about 2'/2 
million more Americans are putting increasing 
pressure on a public plant already dilapidated 
and inadequate. The result is an increasing 
menace to comfort, health, education and safety. 
It is also an increasing menace to the effective 
performance of American industry. 

The appropriate public response to this 
situation is a driving public determination 
to eliminate this increasingly dangerous 
lag in public construction. At this junce- 
ture, the development of such a determin- 
ation is basic. Nothing stands in the way 
of an adequate program of public con- 
struction that a determined electorate can- 
not remove. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nationwide developments that are 
of particular concern to the business and pro- 
fessional community served by our industrial 
and technical publications. 

Permission is freely extended to newspapers, 
groups or individuals to quote or reprint all or 
parts of the text. 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY, INC. 














Navigation and Control Devices 


goa for Missiles and Aircraft 


Kollsman has designed, developed and produced 
the following navigation and control systems and 


components: 


FOR NAVIGATION OR GUIDANCE 


CLASSIFIED Photoelectric Sextants for remote semi- 


automatic celestial navigation. 


cl ssiFiED Automatic Astrocompasses for precise 
automatic celestial directional reference and 


navigation. 


Photoelectric Tracking Systems For many years 
Kollsman has specialized in high precision tracking 


systems. 
Periscopic Sextants for manual celestial observations. 


\ cl ySSiFIED } Computing Systems to provide precise 
\ data for automatic navigation and guidance, 
operated by optical, electromechanical, and pressure 


sensing components, 


FOR CONTROL 
proven components 


now in production 


Pressure Pickups and 
Synchrotel Transmitters 
to measure and electrically transmit 
* true airspeed © indicated 
airspeed ¢ absolute pressure 
¢ log absolute pressure « dif- 
ferential pressure ¢ log differ- 
ential pressure * altitude 
¢ Mach number © airspeed 


and Mach number. 


Pressure Monitors — to provide con- 
trol signals for altitude, abso- 
lute and differential pressure, 


vertical speed, etc. 


Acceleration Monitors — for many 
applications now served by 


gyros. 


Pressure Switches — actuated by 
static pressure, differential 
pressure, rate of change of 
static pressure, rate of climb or 


descent, etc. 


Motors — miniature, special purpose, 
including new designs with in- 


tegral gear heads. 


SPECIAL TEST EQUIPMENT 


optical and electromechanical for flight 
test observations, 


Please write us concerning your 
specific requirements in the field of missile 
or aircraft control and guidance. 
Technical bulletins are available 


on most of the devices mentioned. 





ko | Is m q n ——— 
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Operation of Plant-Scale Insta 
DEMONSTRATES BENEFITS OF 
ELECTRONIC PROCESS CONTROL 


‘American-Microsen’ Electronic Process Control Installations Now In 
Successful Operation Have Proved The Reliability, Speed, Sensitivity 
And Accuracy Of This Modern Concept Of Process Instrumentation. 


This is the electronic process control system that 
now makes it practicable to utilize the capabilities 
of process equipment far more fully than ever before. 
Revealed in actual operation of plant-scale installa- 
tions are the much discussed benefits of this new 
approach to plant instrumentation. 


Used to measure, indicate, record and control process 
variables (pressure, differential pressure, tempera- 
ture, liquid level, flow, pH, gas analysis, etc.), these 
installations exhibit every essential to improve prod- 
uct quality, increase operational efficiency and plant 
productivity. 

Only the ‘American-Microsen’ System provides: 
Lag-free signal transmission using the simplest communica- 
tion lines. 

Extremely fast, accurate measurements and control re- 
sponses — sensitivity impossible to duplicate in other types. 
Installation of all controllers in the instrument room any 
distance from the process — even 30 miles or more. 

High stability that permits use of narrower proportional 
bands. 

Freedom from dirt, leakage, freeze-ups and other transmis- 
sion line problems. 

Standardized control components interchangeable at the 
panel and plug-in components on each instrument. 
Adaptability — more than one input circuit can be fed into 
a controller for cascading or programming. 

DC signal that can be fed to potentiometer recorders, digital 
read-out systems, monitors, computers, etc., so that process 
and operational data are automatically reduced to quickly 
usable form. 

Flexibility — output signal can be fed in series to any num- 
ber of receivers, without impairing accuracy. Components 
can be mounted anywhere convenient to operating and 
servicing. 

Electrical circuitry makes possible unusual control and 
measurement functions not available in mechanical systems. 
Minimum installation or maintenance investment in trans- 
mission lines, air compressors, filters, pressure regulators, 
dryers. 

*Names and locations of 


installations available 
upon request. 





THE ‘MICROSEN’ BALANCE, 
the ‘‘nerve center’ of 
‘American-Microsen’ In- 
struments, is a_ simple, 
electro-mechanical servo- 
mechanism. It operates on 
the force-balance princi- 
ple to produce a high- 
level direct current signal 
that is not affected by 
any normal electrical or 
ambient condition. 
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0.5-5.0 MA. 
Direct Current 








TWO-WIRE 
TRANSMISSION . 
3000 OHMS MAX. 


0.5-5.0 MA. 
Direct Current 


. TRANSMITTER. Types to transmit measurements of temperature, pres- 


sure, differential pressure, liquid level, flow, pH, oxygen concentration, 
gas analysis, etc. 


. RECORDING SET STATION. Records on strip chart or card and com- 


pares the measured variable with the control point setting. Error signal 
is transmitted to the Controller. 


. CONTROLLER. An electronic amplifier with simple feedback circuits 


to produce calibrated proportional, reset and rate control actions. 
(Rate action added by plug-in unit.) Resulting control signal is fed to 
the Manual Control Station. 


. MANUAL CONTROL STATION. Permits switching from automatic to 


manual valve operation during start-up or emergency conditions. Bump- 
less transfer from manual back to automatic operation is built into 
the instrument. Retransmits control signal to Electro-Pneumatic Valve 
Positioner. 


. ELECTRO-PNEUMATIC VALVE POSITIONER. Mountable on all standard 


pneumatically-powered valves. Transduces the signal to pneumatic pres- 
sure up to 25 psi to operate the valve with position feedback. 


Other components are available to meet your specific installation requirements. 


Step up quality of control and 
reduce the size and cost of your proc- 
ess equipment for a given through- 
put. Shorten check-out and start-up 
time. Avoid costly maintenance. For 
your new process control system, 
jearn about ‘American-Microsen’ . . . 
its economic advantages today and 
in the automatic plant of tomorrow. 
Catalog 164 will give you the story. 


CON TROL AREA 





MAXWELL & MOO 


INDUSTRIAL CONTROLS DIVISION 


Stratford, Connecticut 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC TRANSMITTERS, INDICATING OR RECORDING SET STATIONS, IM 


INCORPORATED 


MAXWELL 
\o 





CONTROLLERS, MANUAL CONTROL STATIONS AND ELECTRO-PNEUMATIC VALVE POSITIONERS. renee sees 
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NEW PRODUCTS 


Air -operated combination 
clutch and brake 


eee,” 


Rotary 
limit 
switch 


Air 


cylinder 


Operators 
push- buttons 


Anti-repeat 


Flywheel 


Pilots 


Protector 
valve 


press control 


Incoming 
air jine 


FOR OPERATOR SAFETY: 


LISTING IN GROUPS 


Logic in Safety Circuit 
New Actuators 
Torque Devices 

Some Pots 

Relays and Switches 
Process Controllers 
Electronics in Control 


Control Briefs 


PNEUMATIC LOGIC CIRCUIT SURVEYS CONTROL, TRANSISTORS REPLACE RELAYS 


Protecting the operator is an im- 
portant consideration in designing 
controls for a punch press. ‘True, the 
safety aspect is already at an advanced 
state: deterrents to careless hand place- 
ment in the path of the ram, or to 
unexpected ram movements, are now 
standard. But the rare accident that 
gets past these guards encourages ef- 
tort toward even safer systems. 

The Clark Controller Co.’s _ re- 
cently developed —system—pictured 
diagramatically above—has two “run” 
pushbuttons so located that the op- 
erator’s hands are safely busy during 
the dangerous down stroke. It also has 
circuits that prevent these buttons 
from being jammed down continu- 
ously. But two new “extras” have 
been added for safety and reliability— 
> Transistors for relays: Clark Con- 
troller believes that by using transis- 
tors in place of relays it will eliminate 
the possibility of contact freezing and 
failure to make in the anti-repeat 
control. 
> A logic circuit and permissive pilot 
valve: this combination has been de- 


HOW THE PROTECTOR 
VALVE WORKS —> 
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signed as a safety control for the 
safety control equipment itself. 
Clark’s thought, in designing its 
new system, is that there are advan- 
tages (mostly related to press wear) to 
keeping a machine going without 
stops—provided it can be done safely. 
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This is possible, in its system, pro- 
vided the operator can complete the 
required motions at the proper rate. 
Both “run” buttons must be depressed 
during the portion of the ram’s stroke 
that might endanger his hands. After 
that time, the control circuit allows 
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Exhaust ports 


the ram to complete its downward 
and return stroke with the buttons re- 
leased. 

Just as important as operator safety 
circuitry, however, are the elements 
that insure against failure of the 
press’s power controls. As the system 
diagram shows, to start a downward 
stroke the controller allows air pres- 
sure to energize a pneumatic clutch. 
This presure is exhausted to energize 
a brake and stop the ram. 

The safety unit which functions 
with the above is an air operated valve 
normally in an open position and in 
series with the operating unit. As long 
as the operating unit valve is opened 
by an electrical signal, a “permissive 
pilot” closes a feedback line to pre- 


vent the safety unit from functioning. 
If, however, the operating pilot or 
valve should be stuck open (energiz- 
ing the ram’s clutch) with no cur- 
rent passing through the “permissive 
pilot’s’” actuator, air pressure will 
cause the safety unit to close and ex- 
haust the air supply to the clutch. 
If the “permissive pilot’ itself fails, 
the safety unit again will operate and 
the press will stop. 

In brief, then, the safety unit will 
cut off air to the clutch unless the air 
itself is cut off from the safety unit. 
If the “permissive pilot” fails—most 
likely in an open position—it simply 
fails to stop the safety unit from 
stopping the press. If it fails in a 
closed position, however, it would 


FOR OPERATING SPEED: 
ELECTROHYDRAULIC UNIT WELDS ELECTRONIC LOOP 


One of the most waited for control 
valve developments has just been 
released by Manning, Maxwell & 
Moore: a self-contained electrohydrau- 
lically operated unit which will match 
the response speed of electronic loop 
components. A news story on the first 
batch of these to be used in industry 
is on page 23. 

The new valve  operator—seen 
mounted on a standard slip-stem valve 
body in the picture—contains a built- 
in pumping unit which is actuated by 
the 0.5 to 5.0 milliamp direct current 
signal of the company’s “Microsen” 
transmission and control systems. This 
pump develops a hydraulic force to 
position the valve against stem thrust. 
Stability and precision is secured by 


internal feedback in the operator. 

Speed of response of the new opera 
tor is claimed to be such that its phase 
lag is less than 60 deg at 1 cps. This 
is a vast improvement over pneumatic 
operators which heretofore have been 
tied into electronic control loops by 
means of electric-to-air relays. 

In addition to its valve operator 
MM&M_ also” offers an Electro- 
Hydraulic Controller of similar design, 
but with built-in proportional and 
reset actions. This device—operated 
directly from a temperature, pressure, 
level, or flow transmitter—should be 
very usable in local control loops at 
the process. Manning, Maxwell @ 
Moore, Inc., Stratford, Conn. 

Circle No. 2 on reply card 


THE VALVE AND ITS 
CUTAWAY DIAGRAM 


never allow the safety unit to stop the 
press. Clark solved this dual problem 
with a verifier that determines whethei 
the “permissive pilot” is in a closed 
position when no air is in the feed 
back line. If this is the case, the 
safety unit will be activated. Under 
either circumstance, however, the press 
will stop even though the main oper 
ating unit may be functioning pet 
fectly. 

Here the only part of the safety unit 
that operates with each cycle is the 
“permissive pilot’. And the opera 
tion of this unit is checked with each 
cvcle by normally static components. 
The Clark Controller Co., Cleveland, 
Ohio. 

Circle No. 1 on reply card 


SEPTEMBER 


1955 145 





New... 


ontinental 


precision Connectors 





40 
Contacts... 
spring 
loaded 

for 

quick release 








PRESSURIZED 
CONNECTORS 


for guided missile 
and similar 
applications 


Electronic Sales Division 


DeJUR-Amsco Corporation, 


Som OR Mma le) adal-laamm=ielell-\\7-140 
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, Long Island City 1, N. Y 


Here's the connector you can specify for pressurized equip- 
ment without fear of dangerous air leakage. The Series “GA" 
plug is molded from Orlon filled Dially! Phthalate. When sub- 
jected to a pressure differential of 30 PSI at 25° C, leakage 
is less than 1 cubic inch of air per hour. This series is avail- 
able with hood and cable clamp. Gold plated, nickel silver 
contacts take #16 AWG wire, and each is spring loaded for 
easy release. A spring action center screwlock permits quick, 
easy release or engagement without damage to the unit. 


Write for complete technical data without obligation. 


Note: Complete Continental Connector Catalog, covering sub- 
miniature, printed circuit, hermetic seal, pressurized, high volt- 
age and power connectors, is available on request. Send us 
your name and title on your company letterhead. 
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NEW PRODUCTS 


FOUR MORE 
ACTUATORS 
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RESPONDS fast and forceful. 


With a linkage system multiplying 
the motion of the armature cight 
times, this actuator obtains respons¢ 
within millisec at normal voltage 
Coils are designed for 12, 24, 48, and 
120 vde continuous duty. Normal 
power drain is 1.8 watts. Its strok« 
maximum is 0.125 in. with a pull oi 
push range up to 22 oz. Manufacturei 
uses it as part of multi-pattern 
switches. James Cunningham, Son & 
Co., Inc. 

Circle No. 3 on reply card 


EXPLOSION provides piston 
with swift, powerful thrust. 
These cylinders are designed for ra 


pid execution of low-power electrical 
orders. They contain an explosive cart 





Grace Chemical Company Reports: Kemp Dryer safe- 
guards instruments throughout plant 24 hours per day 


The Grace Chemical Co. manufactures Anhydrous Ammonia 
and Urea 24 hours a day at Woodstock, Tenn. This operation 
demands instrument accuracy with a minimum of maintenance 
and downtime. To increase instrument efficiency by preventing 
corrosion and costly line freezes, Grace Chemical installed a 
Kemp Dryer. 


Kemp Requires Little Attention 
Semi-automatic, the Kemp Dryer works night and day drying 
compressed air for instruments and pneumatic controlled valves. 


According to operator Charles Lewis, the Kemp unit requires 
a bare minimum of attention. 


Kemp Dryers for Every Purpose 
Kemp offers a variety of dryer models to meet all problems. 
Designed to dry air, gases or liquids to sub-zero dew points at a 
low cost, they are constructed of quality materials and embody 
the engineering knowledge gained from Kemp’s many years 
of experience. Kemp Dryers are available with manual, semi- 
automatic, or fully automatic tower reactivation. In addition, 
Kemp will prescribe the proper desiccant for each drying job. 
If you have a problem involving the removal of water from 
air, gases, or liquids, contact Kemp engineers now. For com- 
plete facts and technical information, write for Bulletin D-27. 


DYNAMIC DRYERS 


CARBURETORS ° BURNERS . FIRE CHECKS 
METAL MELTING UNITS INERT GAS GENERATORS 
SINGEING EQUIPMENT 


THE C. M. KEMP MFG. CO. 
405 East Oliver Street, Baltimore 2, Maryland 
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Automate for top performance with... 


GD 


P 


CYLINDERS 


Style 
SM5 
shown 


a ~ 
B®)” meh S) / 
SQUARE HEADS WITH TIE RODS f 


/ 40% 


/ SPACE 


: ZN 
T-J Ars }/  saveo 
ANZ IN} 


1-3 SPACEMAKER provides 
edjecent equipment without sacri 





@The Only Cylinders with all the Extras as Standard 

@ OIL pressure to 750—AlIR to 200 P.S.!. 

@ New Compact Design . . . Saves up to 40% Space 

@ Proven Performance . . . with Extra High Safety Factor 

@ Super Cushion Flexible Seals for Air .. . New Self-Aligning 
Master Oil Cushi 

@Hard Chrome Plated Bodies and Piston Rods (Standard) 


@ Only from T-J can you get these new ingenious cushion 
designs 


OFF SHELF 
DELIVERY 


ad 


More and more of industry’s automation problems today— 
solved with T-J Spacemaker Cylinders! New compact design 
and many more plus features for a new high in efficient cylinder 
performance and dependability. Wide range of styles, capacities 
... to help you save labor, reduce costs on all kinds of push-pull-lift 
jobs. Send for bulletin SM-155-1. The Tomkins-Johnson Co., 
Jackson, Mich. 


TOMKINS-JOHNSON 


RIVITORS AIR AND HYDRAULIC CYLINDER TrER wCHOR 





Member of the National 
Fluid Power Association 


148 CONTROL ENGINEERING 





| NEW PRODUCTS 


ridge that will move a 100-lb weight 
24 in. in 82 millisec. Using a weake1 
cartridge, it can lift and momentarily 
hold a 45-lb weight 4 in. in 42 milli 
sec. 

Use is seen for these power cylinders 
in operating safety latching and ejec 
tion devices, and opening or closing 
high power circuits. Atlas Powder Co., 
Wilmington 99, Del. 


Circle No. 4 on reply card 


HIGH SEATED PULL specialty of 
compact solenoid. 


The maker of this solenoid, engi- 
neered to particular application, will 
inspect according to specification. Reg- 
ularly made for 115 vac, the solenoid 
is available in a model providing a 
sealed pull of over 14 lb although the 
body dimensions are only 14 by 7 by 
ls in. Solder terminals or flexible 
leads are furnished. The shading coil 
is embedded in the plug for greate 
efficiency and high seated pull. Dor 
meyer Industries, Dept. CLN, 3415 
N. Milwaukee Ave., Chicago 41, II 


Circle No. § on reply card 


» 


ACTUATORS feature big push 
in a thin package. 


Lear now has three actuators in 
compact packages. Requirements ar 
26 vde; 115 v, single phase 400 cycles, 
or 200 v three-phase 400 cycles. Ica 
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MODEL S-14-B 


DC COUPLED 
REPETITIVE OR TRIGGER 
1.8 us RISE 


ANOTHER EXAMPLE of Etczman PIONEERING... 


The WIDE BAND POCKETSCOPE, model S-14-B, hits a new high in 
frequency response for light, compact, truly portable oscilloscopes. The 
response extends all the way from DC to 700 KC within —2 db without 
peaking. Thus providing a pulse rise time of 1.8 microseconds. Furthermore, 
sensitivity has not been unduly compromised in order to accomplish such 
fidelity. The vertical sensitivity is 50 millivolts rms/inch. The sweep is oper- 
ated in either a repetitive or trigger mode and covers a range from 0.5 cycles 
to 50 KC with synchronization polarity optional. Other essential vertical 
and horizontal amplifier characteristics include non-frequency discriminating 
attenuators and gain controls as well as individual calibration voltages. 
Additional provisions for direct access to all the deflection plates, the second 
anode, and the amplifier outputs help to make the S-14-B a standout instru- 
ment of flexibility and utility. All this plus portability! The incredibly small 
size and light weight of the S-14-B now permits “on-the-spot” use of the 
oscilloscope in all industrial, medical, and electronic fields. Its rugged con- 
struction assures “laboratory performance” regardless of environment. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 
S-4-C SAR PULSESCOPE® 


$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tu Ray Tubes 

and Other Associated Equipment 


WATERMAN PRODUCTS 
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tures are two externally mounted set 
screws that adjust the stroke-limit 
switches, and an adjustable load-limit 
clutch. Lear, Inc., Grand Rapids, 
Michigan. 


Characteristics 


For Model 413, 434, and 435 respec- 
tively: 
Max. loads in pounds 
operating. 500. .2,000.. 7,000 
static ...1,300. .5,000. .10,000 
ultimate. 2,000. .9,000. . 15,000 
Weight 7 5. 9.9 Ib. 


2.6 by 4.9 in. 
by 5 in. 
Circle No. 6 on reply card 


TORQUE AND ITS 
TRANSMISSION 


TACHOMETER FEEDBACK unit 
adjusts after installation. 


Motor speeds can be regulated and 
closed-loop circuits utilized with this 
combination servomotor-tachomete1 
generator mounted on a single shaft. 
In-phase residual voltage of the ta 
chometer can be simply adjusted to be 
essentially zero. 

The tachometer generator comes 
in five gear-reduction ratios and the 
motor in three ratings. Housing is 
aluminum and _ stator windings are 
potted in an Epoxy resin, which also 
forms the end covers of the motor 
Diehl Mfg. Co., Finderne Plant, Som 
erville, N. J. 


Characteristics: 


Gear reduction ratios. . 1.91:], 76.6:1, 
32.4:1, 13.8:1, and 5.8:] 


Motor ratings... 1, 5, or 10 watts 
Input 115 v, 60 cycles 
Tach output... .5.5 v per 1,000 rpm 
Nonlinearity .1 per cent 

Circle No. 7 on reply card 


FEEDBACK FANCY 


Posed: How to assure equitable distri- 
bution of telephone use on a_ party 
line. 


Suggested: A pre-set counter, actuated 
when the cradle buttons are released, 
sets off an ear-piercing ring that con 
tinues until the user hangs up. 





For ne 
Re il ote Sh Te off | eee 
Applications... 


3-WAY OR 4-WAY 
MANUAL AIR ACTUATED 


ANNIN 


CYLINDER 
VA L A 5s 4 PNEUMATIC CONTROLLER 


ACTUATED 


provide the 
complete 
answer! 


... With these advantages: 
e Positive shut-off 
Fast action 


Spring to open 
or 


Spring to close 


Globe, angle & 3-way bodies , 


Carbon steel and all cast 


and forged alloys available gnd a : 
absolute shut-off dependability and safety with 

ANNICO TEFSEAL SEATS proven in dangerous 

services, such as Liquid Oxygen, Fuming Nitric Acid, 

Liquid Nitrogen and CO,, Fuels and other 

FLUIDS at all pressures and temperatures —300° to + 450° F 


Metal seats for high 
temperatures 





THE ANNIN COMPANY 


6570 EAST TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA 


Coutrol varves 
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Bearing Solutions with Unique 


Continuous Distance and 


Plotter-Resolver System 


Problem: Determine automatically and continuously the distance 
and relative bearing of any two points on a map. 


Ford Instrument’s Solution: A combination of two standard com- 
ponents — a map plotter and an electrical resolver. 


Result: Equipment can operate with maps up to a yard square — 

whose scale varies over a wide range. This means real flexibility 

because it does not restrict plotter just to maps — since photographs 
even sketches can be used. 


Here’s how it works: The plotter proper has a smooth unobstructed 
glass top on which the map is placed. Under the glass there is a light 
traveling on screws. The screws are driven horizontally (E-W) and 
vertically (N-S) by servo motors actuated by a computing mech- 
anism. The position of the light on the plotter is controlled by four 
handcranks. Two of the handcranks are used to position the light 
under the first point; a transfer switch is then thrown and the other 
two handcranks used to position the light under the second point. 
The map coordinates of the two points are algebraically added in 
two network boxes, the resultant voltage from the network boxes 
being the N-S and E-W distances between the two points. The 
resolver converts these two distances into range and bearing, which 
are indicated on two dials. Such a technique results in astounding 
accuracy. In a computer employing this principle, the maximum 
range error is on the order of one yard in a thousand, and the max- 
imum bearing error is 10’. The average errors are about half the 
maximum. 

If you have a problem in any phase of automatic control, it will 
pay you to discuss it with Ford engineers. 


Visit our Booth #15 at Ist Annual Trade Fair of Atomic Industry — 
Sept. 26-29, Washington, D. C. 


FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Isiand City 1, N. Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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SMALL GEARMOTORS in a new 
line feature versatility. 


The NEMA 42 frame and hp rat 
ings from 1/20 to 14 with gear ratios 
ranging from 5:1 to 60:1 distinguis! 
a new line of Doerr Electric Corp. 
gear motors. Motors can be split 
phase, capacitor start-induction run, 
capacitor start-capacitor run, 01 poly 
phase. Both open and totally enclosed 
versions are available. ‘The gear box 
can be mounted in a number of dif 
ferent positions. Doerr Electric Corp., 
Cedarburg, Wis. 


Circle No. § on reply card 


MOTOR GENERATOR said to 
be smallest made. 


'ype MG3013 motor generator is 
only | in. in diam by 2.625 in. long. 
It is believed to be the smallest made. 
Insulation is class H for high humidity 
and temperature applications. Stain 
less steel case, shaft, and ball bearings 
are some of the features that make for 
durability. The output of the genera- 
tor is linear through the entire speed 
range. Magnetic detents stop the 
shaft at one of four positions within 5 
deg accuracy. Both motor and genera 
tor are obtainable with a variety of 
speed characteristics. John Oster Mfg. 
Co., Avionic Div., 1 Main St., Racine, 
Wis. 


Characteristics 


200 to 8,700 rpm 

Generator output. . 1.25 v per 100 rpm 
Harmonic distortion. under 5 per cent 
Motor 115 y 400 cycles, 2 phase 
Stall torque ....0.15 oz-in. 
Weight 6.2 oz 
Circle No. 9 on reply card 





AC 


puts laboratory 
accuracy into 
operational 
instruments 


with a great new 


DATA 


PRESSURE 


The new AC Data Repeater is a sensitive instru- ALTITUDE 
ment that can be used in a tremendously wide VOLTS 

variety of applications . . . all the way from air- 
craft flight instruments to test equipment and RPM 
quality control in manufacturing plants. MILES 


It is small in size, light in weight, and easy to GALLONS PER MILE 
read —even for inexperienced personnel. Three 
models are available with either 26-volt or 115- encase 


volt motors: 1. Single-Speed Synchro; 2. Two-Speed 
Synchro; 3. Potentiometer. vy 


This new AC Data Repeater provides a counter- 
type, decimal presentation for any quantity that 
can be represented by a voltage or a shaft rotation. Guided Missiles 


Aircraft 


AC Data Repeaters can be supplied with plastic Oil Refineries 
edge-lighted panels. They are dustproof and pro- 
vide from two to seven wheel counters—or a 
shutter style double counter. 


Steam Electric 
Power Plant 


Hydro Electric 
Power Plant 


Chemicals 





Write for colorful engineering 
folder giving complete details 
of the new AC DATA REPEATER. 


Manufacturing 


QUALITY 
PRODUCTS 
AC SPARK PLUG DIVISION 


Electronics Division of GENERAL MOTORS CORPORATION 
FLINT, MICHIGAN 
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Vibration and Shock Resistant 


AC RELAY 


Ruggedly 
Constructed 

to withstand 
vibration and shock 


Gives you 

the advantages of 
telephone-type 
performance 

in an AC relay 


Suitable for 
communications 
controls, 

microfilm and 

office machines, 
annunciator systems 
and others 








TYPE — 


Coils: Can be supplied for all standard 
voltages up to 220 volts, AC. Average 
coil consumption, 2.5 VA. 


Contacts: 6PDT up to 5 amps. at 
average 7.5 VA; 4PDT up to 5 amps. at 
average 2.5 VA; DPDT up to 10 amps. at 
average 7.5 VA; fine silver. Other 
contact materials available. 


Vibration: 10G at 5 to 55 cps. 


Shock: 20G energized; 
15G non-energized. 


Size: 12" x 1'Ye” x 2%" depending 
on contact combinations. 


Available hermetically sealed, 
or dust-covered. 


Send For Bulletin ‘'R"’ 





omar 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


uJ 


RELAYS « SOLENOIDS « COILS » TRANSFORMERS «¢ SWITCHES + HERMETIC SEALING 
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MINIATURE INVERTER has 
p.m., flexibility, constancy. 


Equipped with governors for main- 
taining constant speed, this miniature 
p.m. inverter converts 28 vde to 400 
cycle 3-phase ac. The units, which 
operate effectively between minus 55 
to plus 71 deg C, will withstand 10 g 
acceleration, meet military require 
ments for noise suppression, and give 
1,000 hours of maintenance-free ser\ 
ice, the manufacturer declares. It is 
available in 25, 100, and 250 va 
ratings and with standard winding will 
put out 115 vac. The voltage can be 
changed to meet individual requirc 
ments. At a 0.9 power factor the 
ac voltage regulation is within plus 
or minus five per cent and the fre- 
quency within plus or minus one per 
cent. The inverter has an input range 
of 18 to 30 vde and an output of 90 
to 150 vac. Beckman Instruments, 
Inc., Arga Div., South Pasadena, 
California. 


Characteristics (for 100 va 
inverter:) 


6.4 x 4.6 x 4.4 in. 
Weight 7 Ib. 
Input voltage. . 27.5 plus or minus 5 y 
Input current.. 12 amp maximum 
Power factor. . 0.8 to 1.0 lagging 
6,000 rpm 


Circle No. 10 on reply card 


0, 


ADAPTER KITS couple 
gear boxes, servo motors. 
Link gear boxes can be used with 


most standard servo motors when they 
are coupled with one on these six 











New Instruments and Components 


to Aid in Design and Reduce Costs 


Unique Variable Pulser 

is Valuable Laboratory Aid 
The Technitrol Variable 
reliable, versatile instrument which con- 
verts the output of a laboratory oscillator 
into a series of pulses. 


Pulser is a 


One use has been as a low pulse rate 
device to study the response of compo- 
nents and networks to isolated pulses. 
Another use has been as a variable pulse 
rate source to study P.R.F. sensitivity. 
Still another use has been as a constant 
high frequency source for a temporary 
clock pulse generator. 

Characteristics 
e Wide range of frequencies from 2 cps. 
to over 2.0 mes. 

Pulse characteristics optimized with 

rise and fall times approximately 0.04 

us. and 0.06 us. respectively. 

Duration of pulse variable from 0.2 us. 

to 5.0 us. in steps of 0.1 us. 

Accurate, stable pulse duration con- 

trolled by electric delay lines. 

Amplitude continuously variable with- 

out distortion from 0 to 45 volts. 

Trigger pulse precedes output pulse to 

synchronize oscilloscopes, etc. 


PEcHNITROL 


by 


Tiny Encapsulated 
Pulse Transformers 
Wound to Your Requirements 


Technitrol Pulse Transformers are wound 
on ferrite cores and cast in resin to form 
a 3%" sealed unit. 

Type TE has 2-inch pigtail leads of 
No. 20 wire. Type TP has 7-pin plug-in 
for miniature tube sockets. Lends itself 
admirably to printed circuits where holes 
can be drilled in the circuit board, the 
transformer plugged into these and the 
pins soldered to the circuit leads on the 


side opposite the body of the transformer. 


MORE INFORMATION 
ON REQUEST 


Very Compact Delay Lines 
Designed to Fit Your Need 


A Technitrol Delay Line—with not more 
than '4" diameter and 614" length, or in 
a package—will be designed for your par- 
ticular circuit application. A variety of 
mountings offers you a wide choice. 


e Delay: 0.01 to 1.6 us. 


e Characteristic Impedance: 400 to 
2500 ohms. 
Wide Frequency Response: 0.5 us. 
at 1200 ohms. 
3 db down at 5 mcs 
6 db down at 8 mcs 
10 db down at 10 mes 


Continuing intensive research and 
development is expected to make 
available even greater band-widths. 


e Linear Phase: to 9 mcs and beyond 


ee cr rr rr re es ee re re ee cee ee ee Se ee 
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| 
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! 
| 
t 


TECHNITROL enoineerinc company 
2751 N. 4th St., Philadelphia 33, Pa, 
Send Bulletin 

[_] 186 Variable Pulser 

[_] 166 Pulse Transformers 

() 174 Delay Lines 


NAME 


CITY 


Write Dept. CE-95 





ADDRESS. 
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ZONE STATE. 





SEPTEMBER 1955 


155 





Time the flow of 

Gas... Liquids... Solids 
in Split-Second Intervals 
with the 


POST INTERVAL TIMER 


The Post electronic “Interval Timer” permits 
fractional second timing of any industrial 
operation. One, or more, different functions 
can be controlled by various models. 


60 Cycle, line-current, is converted to 120 
impulses per second. Desired “action-intervals” 
can be set in increments as fine as 1/120th of 
a second, and the timer will automatically time 
the operation. Controls are easily set... 

stay in position. 

Filling operations, conveyor feeding, etc. are 
ideally solved by this latest Post development. 
Write for details. 


Electronic Products Division 
0S Dept. 551 
MACHINERY CO. 
Beverly, Mass. 
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adapter kits. The kits, which contain 
an anodized adapter plate, coupling 
disc, and all necessary attaching parts, 
provide for direct, in-line mounting 
to the servo motors and for flexible 
shaft coupling to the gear box. Link 
Aviation, Inc., Binghamton, N. Y. 
Circle No. 44 on reply card 


STARTING TORQUE stressed in 
intermittent duty brake motor. 


This brake-motor, used for short 
hoisting or positioning operation, is 
designed specifically to replace man 
ual cranking. Its starting torque 
as much as 500 per cent of running 
torque. Completely enclosed, the mo 
tors are available for duty cycles from 
1 through 10 min. Ratings of 4 
through 14 hp combine with brakes 
to stop from 4 ft-lb through 25 ft-lb. 
An extra-compact case offers inherent 
design advantages. Reuland Electric 


Co., Alhambra, Calif. 
Circle No. 12 on reply card 


BRAKE-SERVO motor stops 
in 50th of a second. 

Instant stopping plus exceptionally 
high acceleration are the features of 


this brake-servo motor unit, which is 
guaranteed for 100 hrs at 125 deg C 





DON’T LOSE 
YOUR HEAD! 


TECHNICAL DATA 


PUMP POWER SAVINGS 


Annual savings to users of Dall Flow 
Tubes may be approximated by referring 
to the charts below. Each is entered at the HIGH PRESSURE 
bottom at the appropriate line size and — ome 
traced vertically to the intersection with a ge 
the sloping flow line corresponding to the ‘ 
maximum capacity of the meter pond 
tion. The annual pumping power saving 
read along the vertical scale (right-hand 
side) opposite this int 
Although gasoline and natural gas are 
used in the examples, the order of yearly 
savings for other fluids is generally the 
same. Gases under other line conditions 
do not yield cost values markedly different 
from those shown. 





#PER YEAR 


IT CAN PROVE 
COSTLY?! 


POWER SAVINGS 


THE PROBLEM 


Head loss can prove expensive. The natural gas industry finds this 

PUMP POWER AVING ° 
DALL FLOW TUBE OVER ORIFICE PLATE s increasingly true as the booming market for this commodity makes the industry 
more ‘‘efficiency conscious’’. Modern conservation practices have become 
FLUID NATURAL GAS AT 11 +s a must... and a definite trend toward replacing the conventional orifice 


Max 


aveRAGE FLOW. 75% OF WAX $ plate with the Dall Flow Tube has started. 
THE SOLUTION 


The Dall Flow Tube operates with the lowest head loss obtainable with 
any known velocity-increasing differential producer. This flow measuring 
device is unsurpassed for differential pressure recovery . . . with consequent 
savings in pumping and transmission costs. These advantages apply over a 
full range of throat-to-line-diameter ratios. Besides providing a maximum in 
power savings, additional savings can be realized at initial installations. A 
single Dall Flow Tube can replace several parallel large orifice runs requiring 
longer approach sections of straight pipe. 


| Additional Features j 


Fabricated Dall Flow Tubes, which com- The di i i 
eet Be See We Oe. * e discharge coefficient of the DFT is stable and constant over a 


ond. ingest ar Gang meunting. easy alee wide flow range (for flows above a Reynolds number of 300,000). 


available. The structure is a strong weld- . Complete range data are available on request. 
ment of rolled plates and bar. All surfaces 


which are critical to the accurate prediction * “Enduring accuracy” is achieved since Dall Flow Tubes are selt- 
of flow characteri scouring and of such rugged, durable construction that all critical 


ieee the flexibility low anes eat dimensions and surfaces remain unchanged even after years of 
ana — h a: ake: te eult service. The size and weight of these units provide ease of installa- 
application. tion. 


“THE BEST COSTS LESS" . 


For complete details, write today for Bulletin 115-L1. Also ask for information on secondary instruments. 
Builders-Providence, Incorporated, 528 Harris Avenue, Providence 1, Rhode Island. 


~ BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, we oo QD feeber 
BUILDERS !1RON FOUNDRY @ PROPORTIONEERS, INC. @ OMEGA MACHINE CO, FEEDERS 
CONTROLS 
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POWER SAVINGS 
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Sub-miniature Assemblies 








To Gigantic Electronic 


Systems....... 
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- Solenoid ‘Drive 


Miniature Gear 
Reduction Unit 
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bee 
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Drive 
Assembly 
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Assembly 
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Antenna Drive 
Housing 





DAYSTROM 
Treat at 


Div. of Daystrom, Inc. 


Alternate 
Fire Control 


ARCHBALD, PENNA. 


DAYSTROM INSTRUMENT has 
produced tiny precision assem- 
blies . . . to gigantic gun directors 
and fire control systems — all 
within their modern 350,000 sq. 
ft. plant.- When you combine 
Daystrom’s team of skilled engi- 
neers with efficient production 
methods and modern facilities, 
you'll understand how Daystrom 
has been abie to achieve mass 
production of such products—on 
time and at low cost—for every 
branch of the Armed Forces and 
industry. 


wwaltke. .. For the NAVY 


Radar Fire Control Systems, Mine Detecting 
Devices, Anti-Submarine Attack Directors, 
Catapult Speed Indicators, Servo Control Sys- 
tems, Torpedo Assemblies. 


pees .. For the AIR FORCE 
Capacitance Testers, All-Altitude Servo indi- 
cators, Transistorized Receivers, R F Switch 
Potentiom 


alli . .. For the ARMY 


Mechanical Fire Control ems, Fuzes, 
Communication eu cao 
tation for all branches of the Army. 


Mahl... For INDUSTRY 


Test 
Escenas 
Silemene 





Computing D0: 
ear Eanpment. Gy Mecha- 
Seater tosaniast 


Write For Our 
Facilities Report 







Mark 56 
Director 
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and for 1,000 hours at 75 deg C, and 
yet responds instantly, without warm 
up, at minus 65 deg C. Type 2V-2397 
has a theoretic: al acceler: ition of 12,000 
road/sec’ with no external load, and 
can be braked in 0.02 sec. It can be 
ordered sans brake with a determined 
acceleration of 42,000 rad/sec*. John 
Oster Mfg. Co., Avionic Division, 1 
Main Street, Racine, Wisconsin. 


Characteristics: 
Outside diamcter. 0.938 in 
are 1.5 in 
Weight ........2.56 oz 
No load speed... 7,000 rpm 
Stall torque..... 0.30 oz-in. 
Rotor inertia.... 1.8 gm-cm 


Input power..... 3 w/phase 
Input current with 
rotor stalled...175 ma 
26 v 400-cycle 
Motor excitation. 2 phase 
Brake excitation. . 27 vdc 
Circle No. 413 on reply card 
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REDUCING GEAR offers 
power beyond size. 


This 34 in. center distance worm 
gear speed reducer has the manufac- 
turer’s double-enveloping feature that 
enables it to handle more horsepower 
per pound and per cubic in. in less 
space. It also reduces wear, mainte- 
nance, and backlash by placing 4 of 
the gear teeth in full-depth, continu 
ous area contact at all times. The 
34-in. reducer is available in gear ratios 
from 5:1 to 60:1 and as a standard 
extended shaft unit or shaft mounted 
unit. All of these models are available 
in motorized versions. Like the one 
shown on the left, they have foot 
mounting arrangements that eliminate 
belts, pulleys, torque arms, etc., and 
feature completely interchangeable 
stock parts. Michigan Tool Co., Cone- 
Drive Gears Div., 7171 East Mc- 
Nichols Road, Detroit 12, Mich. 

Circle No. 14 on reply card 











THE HAYDU BEAM SWITCHING TUBE \ -_ 
offers these other unique advantages for \ 













TO EQUAL 
VARI COUNT 
arbitrary numbers of positions 
COUNTER DISTRIBUTOR 20 pentodes — 2 triodes — 22 sockets — 10 condensers — 98 resistors. 
operate singly ...or one tube will op- 152 separate components plus related circuitry are required to 
ee ee duplicate all the functions of a standard MBS Tube cireuit! 
BEAMPLEXER 
ean be operated by DC, sine wave or The Haydu Magnetron Beam Switching Tube* permits drastic reductions 
pulsed inputs in the total number of tubes and other components required in most 
RADAR and LORAN electronic systems. It is compatible with transistors and magnetic core 
reduce overall circuitry and related costs circuitry ... while performing a greater number of functions at much 
AIRCRAFT CODER higher frequencies! In an unlimited number of electronic applica- 
decrease space, weight and heat— tions, the new Haydu MBS Tube switches between 
a new standard in high vacuum reliability many times faster, more simply and more reliably than standard 


SEN Fron conmanee weearion vacuum tubes, diodes or transistors...and in any sequential, 
Write today for copies of illustrated tech- simultaneous or random switching pattern. Each position is cap- 


nical literature and applications data on able of producing a functional output able to operate relays 
BB J Haydu Magnetron Beam Switching Tubes. without amplification. 


*MBS (Trodemerk) 


aes 


BROTHERS OF NEW JERSEY 


PLAINFIELD, NEW JERSEY SUBSIDIARY OF BURROUGHS CORPORATION 
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Questions Design Engineers 


ask about (REGOHM] 


A. A compact, universal electric circuit controller of the direct-acting 
finger type, for voltage, speed or current regulation. (For details, 
see General Bulletin #505.00) 











Q. What is a REGOHM? 


Q. Who uses the REGOHM? 


A. It is specified as a component in equipment made by every major 
power equipment manufacturer in the United States. (Applications 
Manual #3.00 ‘‘Separately Excited Machines’) 


Q. Why is REGOHM so widely used? 


A. For its almost unlimited life; its sensitivity and reaction-speed; 
its continuous control and rugged compactness. (Applications 
Manual #1.00 ‘“‘Regulated Rectifiers’’) 


Q. Where is REGOHM used? 


A. In every corner of the earth where there is U. 8S. made equipment; 
at sea; under the sea; in the air, and beyond the range of human 


flight in guided missile applications. (Applications Manual 43.00 


‘‘Separately Excited Machines’’) 
Q. When is REGOHM specified? 


A. When performance under severely adverse conditions must be 


predictable mathematically. (Applications Manual #2.00 ‘‘Power | 


Amplifiers’’) 


Q. How does REGOHM compare with other kinds of regulation? 


A. a) Many times better performance than carbon-piles, and far less 


bulky. (Applications Manual 4506.21 ‘‘Inverter Control’’) 


b) Requires far less space than vacuum tubes and thyratrons. | 


(Applications Manual 41.00 ‘‘Regulated Rectifiers’’) 

c) Magnetic amplifiers depend for long life on other limited-life 
equipment. REGOHM does not. (Applications Manual 41.00 
‘‘Regulated Rectifiers’’) 


Questions often asked about REGOHM are only partially answered above. 
Get full details by checking the free literature you want. Attach a basic 


circuit of your design problem. Let Electric Regulator Corporation’s 


engineers help you design long lite into tough applications. 


Check List 


[_] General Bulletin 4505.00 __| Applications Manual 42.00 


[_] Applications Manual- 3.00 ‘‘Power Amplifiers” 


“‘Separately Excited Machines’’ 


(|_| Applications Manual #1.00 
‘Regulated Rectifiers”’ 


[_] Applications Manual #506.21 
‘Inverter Control’ 
Mail to Dept. 120 
Electric Regulator Corp., Norwalk, Conn. Temple 8-4311 
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| NEW PRODUCTS 


SPRING LOADED parallel 
train stop reducer’s backlash. 


A new series of miniature speed re 
ducers (14 in. diam) by Metron dis 
plays servo-mount ends and anti-back- 
lash gearing. A nominal rating of 
1/80 hp applies to the Series 107, 
which comes in 488 different ratios 
from 1:1 to 531,441:1. 

The two parallel gear trains are 
spring loaded against one another with 
a 12 oz-in. torque. This spring torsion 
can be reduced to permit lower input 
torque. Metron Instrument Co., 432 
Lincon St., Denver 3, Col. 

Circle No. 45 on reply card 


VARIABLE SPEED ac motor uses 
induction regulator. 


An induction regulator permits va 
triable speed ranges of from 1.5 to 1 
up to 30 to 1 with horsepowers of 4 
to 1,000 in this new line of unique 
ac motors. They accept 50, 60, o1 
400 cycle current. 

Called N-S variable speed ac motors, 
they are built by Bogue under a license 
from Laurence, Scott & Electromotor, 
Ltd., of England. The powerplant uses 
a stator similar to that of a normal in 
duction motor. But the rotor is simi- 
Jar to that of a dc motor with the 
addition of an auxiliary winding. 

While the frequency appearing at 
the rotor’s commutator is constant and 
equal to the supply frequency, the 
voltage varies with speed. The regula 
tor acts to either Oppose or increase 
the voltage in the rotor and hence vary 
the speed at which the motor is syn- 
chronous. In the conventional induc- 
tion motor, the frequency as well as 
the voltage induced in the rotor de- 
creases as its speed approaches the syn 
chronous speed. 

The normal N-S motor has a shunt 
speed characteristic, although models 
are made with series characteristics 





Fairchild announces the opening of a 
new plant in Los Angeles, California. 
The new plant will expand the 
manufacturing, sales and service 
activities of Fairchild’s Potentiometer 
Division to provide equal facilities 
both in the East and the West. It will 
meet the growing need for its products 
by the expanding electronic and 
avionic industries on the West Coast. 
A complete line of potentiometers will 
be manufactured and the new plant 
will be staffed to provide complete 
engineering and fast delivery service. 


Hicksville, L.1., N.Y. 


AVAILABILITY AND SERVICE 


from L.I. to L.A. 


The opening of Fairchild’s new West Coast plant 
means that henceforward the name Fairchild will not 
only stand for the finest in precision potentiometers... 
it will mean faster delivery and better service, too. 

You will be able to get complete engineering service, 
quotations, order handling, delivery and repair from 
either plant, whichever is most convenient to you. 

This is another example of how Fairchild can always 
give you the answers, no matter what factors govern 
your choice of precision potentiometers. Write 
Potentiometer Division, Fairchild Controls Corp., 

a subsidiary of Fairchild Camera and Instrument Corp., 
Dept. 140-66C. 


EAST COAST WEST COAST —fAIRGHILD 
225 Park Avenue 6111 E. Washington Blvd. | R é [ 
Hicksville, L.1., N.Y. Los Angeles, Cal. PRECISION POTENTIOMETERS 
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Now, An Automatic Production System 
That Anticipates Change-Orders! 


SERVOMATION* BUILDING BLOCKS —a 
new, unique kind of industrial control 
technique that enables your production 
line to turn out both custom and quan- 
tity runs with the same cost-saving ef- 
ficiency. 

The Servomation* Building Blocks 
were designed by Servo Corporation of 
America at the request of the United 
States Government to fulfill the need 
for a truly flexible computer which 
would serve as a data processing, servo- 
system synthesizing, and industrial con- 
trol center. Further development and 
field testing have brought about an even 
more flexible and economical system 
for production control in both large 
and small industry. 


Components Easily Rearranged 


Here is a balanced, efficient control 
system that provides the means for 
molding your complete manufacturing 
process into a continuous, total flow 
operation under automatic control at 
all times. Yet, it is a control system 
with inherent flexibility to meet any 
future procedure changes, no matter 
how drastic they may be. No Building 
Block arrangement is limited to its 
original purpose. The equipment need 
only be realigned and components re- 


SERVO CORPORATION AMERICA 


NEW HYDE PARK, L.I., N.Y. 


a \ 


arranged or added to solve your new 
problems. 


Test Laboratory for Designs 
Here is a computer system that not 
only serves as a production control 
center, but as a workbench for mathe- 
maticians and design engineers. You 
can use the Building Blocks as your 
laboratory to mock-up and test your 
intended designs. 


SERVOMATION* BUILDING BLOCKS — the 
only electro-mechanical, computer-con- 
trol system that performs any or all of 
these functions: - 


Production Control — As a collection 
and computing center, the system will 
hold machining, position, rate, flow, 
mixture or temperature tolerances to 
the limits you specify. 


Data Processing — Regardless of how 
your data is collected, transmitted or 
stored, Servomation* Building Blocks 
will efficiently process it. 


Design Synthesis —With external 
patch cord and jack board connections, 
and the versatile Servoboard® and 
Servoscope® components, a computer 
or servosystem design can be easily 
mocked-up and tested. Closed loop 
characteristics can be predicted and 
pre-production “‘bugs” eliminated. 


JUST OFF THE PRESS! Descriptive, illustrated booklet on 
Servomation* Building Blocks. Send for your copy today. 
Simply request ‘‘TDS-2300-6-55"" on your company let- 


terhead and mail it to: 


SERVO CORPORATION OF AMERICA, 20-16 Jericho Turnpike, New Hyde Park, L.I., N.Y. 
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for hoists or devices requiring high ini 
tial torque. 

Automatic speed control requires 
the use of a servo to drive the induc- 
tion regulator. Bogue Electric Mfg. 
Co., 654 Madison Ave., New York 
5 ee 

Circle No. 16 on reply card 


GEAR MOTOR changes pace 
electrically. 


Here is a two-speed, synchronous 
gear motor in which speeds of 1,800 
and 300 rpm are interchangeable. ‘The 
speed reduction is done by electrically 
reversing the motor and picking up a 
gear train which puts out the lower 
speed in the same direction through 
in internal over-riding clutch. ‘Type 
RBC-2510, Model CSO4121, is also 
available in other speeds and output 
shaft variations. National Pneumatic 
Co., Inc., Holtzer-Cabot Motor Div., 
125 Amory Street, Boston 19, Mass. 

Circle No. 47 on reply card 


SYNCHRONOUS MOTOR for 
high volume application. 


A sturdy output of 30 oz-in. at 1 
rpm is just one of the selling points 
of this new timing motor. It starts or 
stops within 2 cycles, has a tempera- 
ture rise of only 43 deg C, and is sold 
with 1, 2, 4, and 8 rpm outputs. 

Left, right, or oscillating rotations 


















































to protect 
equipment 
against 
overloads 


use Adlake 
mercury relays 


The new Adlake Mighty Midget relay, like all Adlake 
relays, requires no maintenance whatever . . . is quiet 
and chatterless . . . free from explosion hazard. Dust, 
dirt, moisture and temperature changes can’t affect 
its operation. Mercury-to-mercury contact gives ideal 
snap action, with no burning, pitting or sticking. 


Write for catalog and information. 


The Adams & Westlake Company 

Established 1857 « Elkhart, Indiana « New York + Chicago 
a, YY. aie 

sf vay bee the original and largest manufacturers 

of mercury plunger-type relays 
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Recent word in certain of our dignitaceous* monthly periodicals 
gives nick-of-timely surcease to those indefatigable oracles of Eras, 
New Eras and Vast New Eras; viz., largest machinery manufacturers 
have joined giants of electronics and given birth to a New Vast-New- 
Era: os ; The Automatic Production of Electronic Equipment. 


Although as yet no printed material on specific applications is avail- 
able to the lay public, no time should be lost in devising a suitably 
architiptic name for this Science which results from the wedding 


(shotgun — ?) of Electronics and Automation. 


Thus, the Sigma CONTEST, in which the modesty of the prizes is 
far exceeded by the wealth of satisfaction which will accrue to the 


winner from the knowledge of the importance of his contribution. 


SGMRAC ON TEST 


RULES 


1, Entry must include name for Electronics combined with Automa- 


tion, and brief statement explaining reasons for choice. 
Hints: Electromation? Elematics? Electautos? Mechelecs # 


. Judges agree to reach a final biased decision. Answers to 


inquiries concerning individual entries cannot be guaranteed. 
All entries do become the property of Sigma Instruments, Inc. 


. All entries must reach Boston by October 1, 1955. 


. Sigma Instruments, Inc., disclaims any liability resulting from pat- 


ent infringement, copyright violation or intra-industry squabbles. 


. If you have a state law prohibiting this contest we suggest that 


you move. 


PRIZES wk PRIZES w& PRIZES 


Grand Prize One Sigma Type 72 Relay complete with Data Sheet (Excel- 
lent mantelpiece ornament). 


2nd Prize One Fisher-Pierce Photoelectronic Nitelighter (Start your col- 
lection of people-built antiques). 


3rd, 4th and 5th Prizes One Sigma Type 26F Relay with 1 year sub- 
scription to POPULAR ELECTRONICS. 


Honorable Mention Certificate of Merit, suitable for framing, signed by 
C. P. Fisher. 


Booby Prize Picture of our founder. 
*patent pending 


rr ‘ ad ff ™ m 
. # 


SIGMA INSTRUMENTS, INC, 


CONTEST HEADQUARTERS 
931d Statler Building, Boston 16, Massachusetts 
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are available with the Type 113. The 
maker says minimum ordering quan- 
tity is 1,000. R. W. Cramer Co., Inc., 
Centerbrook, Conn. 

Circle No. 48 on reply card 


MAGNETIC CLUTCH mounts 
like servo motor. 


This high-speed magnetic clutch, 
Model T502, has a mounting identical 
to the MK 8 Mod 0 servo motor. All 
gearing is located at the mounting 
end, thanks to concentric input and 
output shafts located there. Sterling 
Precision Instrument Corp., Instru 
ment Div., 34-17 Lawrence Street, 
Flushing 54, New York. 

Circle No. 19 on reply card 


SOME POTS 


BALL BEARINGS make this pot 
an eager starter. 


DeJUR-Amsco has put high preci- 
sion ball bearings into its new BC-200 
pot series. Results claimed: an aver- 
age starting torque less than 0.5 oz-in. 
per unit, minimized backlash between 
ganged assemblies, and improved lin 
earity due to reduced radial shaft play. 
A universal tap mounting rng per- 
mits up to 8 taps on each pot unit and 
ganged assemblies can be externally 





Size 15 
1.437" diameter 
ACTUAL SiZE 


Size 1] 
1.062'' diameter 
ACTUAL SIZE 


Size 10 
.937'' diameter 
ACTUAL SIZE 


y, 


/ 


BuOrd Size 15 
1.437'' diameter 
ACTUAL SIZE 


Size 22 
2.161'' diameter 
ACTUAL SIZE 


Look to VP for Synchro Progress 


CLIFTON PRECISI 


CLIFTON HEIGHTS 


PRODUCTS CoO., 


.750"' diameter 


ACTUAL SIZE 


INC. 


PENNSYLVANIA 
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TALLER & COOPER'S 


CONTROL eee 
& SYSTEM 


DIGITAL - 

TOLL COLLECTION SYSTEMS 
WIND TUNNEL 
INSTRUMENTATION. 
SPECIAL PURPOSE 
PRINTERS & INSTRU- 
MENTATION 

CHEMICAL ANALYZERS 

& CONTROL EQUIPMENT 
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SARA 


———‘‘the desk with a brain”—is Taller & Cooper’s 
Sequential Automatic Data Recorder and Annun- 
ciator that keeps an exact, automatic log of wide- 
spread, complex plant and industrial operations. 


@ Gives audible and visible warning of every 
failure or irregularity @ Prints a sequential log 
of every change in operating conditions 

® Immediately prints the exact sequence even when 
change of conditions occur within milliseconds 
one another @ Watches as many as 500 separate 
operations continuously, automatically 


of 


Not only a brain, but a memory, too! 
SARA sees all—records all. 


Write today for New Technical 
Bulletin No. 101 on SARA. 





TALLER & COOPER, INC. 


ENGINEERS * MANUFACTURERS 
75 FRONT ST. * BROOKLYN 1, N. Y. 
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phased through 360 deg and inde 
pendently rotated. De/UR-Amsco 
Corp., 45-01 Northern Boulevard, 
Long Island City 1, N. Y. 


Characteristics 


within 

0.5% std. 
0.05 deg max 
between any two sections 
.2495-.2498 diam 
st.st., passivated 
2 in. diam, 

1 in. deep, 3 oz. 


20 on reply card 


Independent linearity 
Backlash 

Shaft 

Size and weight 


Circle No. 


ENVIABLY LINEAR, it on sub- 
mits to as many as 28 taps. 


Helipot’s new AN precision pot of 
fers a linearity within 0.025 per cent, 
along with other good characteris- 
tics found in the company’s line of 
linear and non-linear units. Also, as 
many as 28 separate taps can be added 
to the AN. Each tap is spot welded 
to a selected turn of resistance wire. 
Helipot Corp., South Pasadena, Calif. 

Circle No. 21 on reply card 








pepe 
SUB-MINI POT sets new high 
in resistance. 


Only 4 in. in diameter, this petit 





CONSTANT VELOCITY 


~ YARITROL 


PRESSURE CONTROL 


4 : . Fa 
. * ¥ 4 


HUMIDITY CONTROL 
HEAT CONTROL 
WEIGHT CONTROL 

SAVES MANPOWER 


IMPROVES PRODUCT 





INCREASES OUTPUT 





Now, by controlling speed with the Varitrol 
as a component of the U. S. Varidrive motor, 
speeds can be automatically changed in 
response to a signal without human attention 
for precision-control operations. At right is 
shown just one of the many ways in which 
Varitrol automatic control of U. S. Varidrive 
motors can be used for automatic production 
control. An educational booklet, edited by 
variable speed engineers, illustrates with 
applications this method of greater production 
of more goods and services at lower cost and 
astounding man-hour savings. Write today for 
your complimentary copy. 




















Conveyor speed is varied by a U. S. Varidrive to 
maintain a uniform weight of material discharged. 
A weight pick-up pneumatically transmits weight of 
material on conveyor belt and signals Varidrive to 
speed up or slow down. 


U.S. VARIDRIVE 


WITH 














Send for informative full-color booklet on Automatic Speed Control 


- 
| U.S. ELECTRICAL MOTORS INC. 
P. 0. Box 2058, Los Angeles 54, Calif. or Milford, Conn. 
C) Send Varitroi Automation Booklet No. 1882 
L} Send U. S. Varidrive Booklet No. 1797 


Name 
Company 
Address 


City a 


Cacieninniienennnall 
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RCA RECTIFIER TUBES FOR INDUSTRY 
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For example, RCA Mercury-vapor Rectifier Tubes are known for their 
long life, high peak emission capabilities, low internal voltage drop, 
and ability to withstand high fault currents. They are PULSE-TESTED 
at current levels that assure adequate reserve emission. And they 
are given tough operation tests—more severe even than maximum 
rated conditions ! 


RCA Rectifier Tubes, as well as RCA Thyratrons and Ignitrons, 
are available in a wide choice of current and voltage ratings to fit 
your application — whether it is RF Heating, Motor Control, Computer 
Operation, Welding, or Accelerator supply in nuclear work. 

For fast ON-THE-SPOT service on all RCA Tubes, call your RCA Tube 


Distributor. For tube technical data, write RCA, Commercial Engineering, 
Section 1-56-T, Harrison, N. J. 


RADIO CORPORATION of AMERICA 


e FLECTRONM TUBES HARRISON, N.S. 
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wire-wound pot now comes with a 
resistance of up to 100 k ohms. It 
is said to be the first in the sub-minia 
ture class to reach this value and the 
maker predicts heavy competition w ith 
regular sized pots when the issue is 
space and weight. Ace Electronics 
Associates, 125 Rogers Avenue, Som 
erville 44, Mass. 
Characteristics 
Linearity 0.3 per cent 
Torque 0.5 oz.in. at 20 deg C 
Power Rating. .2 watts for 60 deg C 
Tise 
Minus 55 deg C 
to plus 125 deg C 
Circle No. 22 on reply card 


Ambient Temp 


NEW SINGLE-TURN LINE 
invades pot field. 


Augmenting its established line of 
transducers is this North Hollywood 
manufacturer's new and complete linc 
of single-turn pots. The five in the 
picture (there are nine in the line) 
are ganged together on one shaft. 
General Scientific Corp., 12027 Voss 
Street, North Hollywood, Calif. 

Characteristics 


Resistance Range .5 ohm to 50 k ohm 
Linearity Tolerance. within 2 per cent 
Wattage Rating ss @ 
Ambient Temperature... minus 55 to 
plus 85 deg C 

Starting Torque 0.75 oz-in. 
Size and Weight. . .1 in. diam house, 
% in. depth, 1.3 oz per section 


Circle No. 23 on reply card 


FEEDBACK FACT 


Posed: Some way to ‘optimize’ gar 
dening for the busy control engineer 


Solved: Doggett-Preil of Springfield 
N. J. have come up with a hose at 
tachment that meters a balanced diet 
to the plants, also injects weed and bug 
killers if these pests plague you 





TEMPERED STEEL 
SPRING — absorbs 
vibration — holds 
assembly firmly in 
alignment. 


UM COPPER PLUNG- 
ER GUIDE — reduces 
friciion and wear. 


SHOCK - ABSORBING 
BUMPERS — reduce 
self - destruction, 
qushion stroke, as- 
Sure longer service. 


\/ | 
No RR 
RF PPT Te, 


HEAVY SILICONE 
INSULATED MAGNET 
WIRE — wound on 
high flow point - 
molded nylon 
bobbin. 


HORIZONTAL PUSH-TYPE VERTICAL PULL TYPE 
WELDED BASE SHOCK-MOUNTED 


INDUSTRIAL SOLENOIDS 


WELDED BASE In addition to all the “inside” advantages, 


VERTICAL PUSH-TYPE 


Decco Solenoids are compactly designed and 
FOR COMPLETE 


INFORMATION ON ALL 
DECCO INDUSTRIAL 
SOLENOIDS ; Decco Solenoids are made in all types, sizes 
WRITE: | and shapes. SPECIAL SOLENOIDS ENGINEERED 

TO YOUR PROBLEMS. 


thoroughly impregnated with silicone baking 


varnish for high moisture resistance. 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 


SEPTEMBER 1955 169 





NEW PRODUCTS 
CRYSTAL DETECTOR 


RELAYS AND 
SWITCHES 


ANOTHER MAG. AMP. 


Various suggested outputs 


MERCURY JET SWITCH 
features swift rotary action. 


Interested in long-life, low-level amplification? 
—then look into these PRD magnetic amplifiers. 


With noise less than 10 microvolts, 
speeds up to 10,000 rpm, and as many 
as 120 circuits sampled per revolution, 





If amplifying weak signals from transducers is your prob- 
lem, then one of our low-level magnetic amplifiers may 
well be your answer. 


The life expectancy of PRD magnetic amplifiers is much 
greater than that offered by vacuum tubes. They can with- 
stand extreme shock and vibration and are hermetically 
sealed for complete protection from moisture. They need 
no warm-up time and show negligible heat dissipation. 


this rotary switch’s performance is as 
unique as its construction. 

Contro. ENGINEERING covered this 
switch in a two-page Idea at Work 
(July, 1955, page 84). Details can be 
obtained from this article or from De- 
troit Controls Corp., 1650 Broadway, 
Redwood City, Calif. 


They show excellent stability and linearity under varying 


/ as Circle No. 24 on reply card 
ambient conditions and are conservatively rated. 


These trouble-free amplifiers will realize for you important 
savings in maintenance and replacement costs and help 
eliminate expensive factory down-time. 


Ask for our complete catalog, which also includes 400 and 
60 cps instrument servo amplifiers, and let our engineers 


show you how these units can be adapted to your system 
requirements. 





Specifications R6ASM1 ; R6ASOM* S6A20M1 
2 

Maximum output Power (mv) 5 50 20 

Voltage (v) 1.73 1.6 J A 3.4 
Reversible polarity output Yes No 
Recommended load resistance (ohms) 600 50 600 
Input resistance (ohms) 2 2000 
Gain in linear region Power = 


Voltage 6 2750 
Current 110 28 


Minimum input signal d.c. (mv) ‘ .02 5.6 
Zero drift referred to input (mv) .014 4 
Voltage input for full output (mv) 1 400 


Time constant — 63%, response (sec) 05 SMALL SWITCH shows impres- 
Power supply ° 
sive performance figures. 















































115 v +10%, 60 cps +5%, single phase 
*Choice of three models, 1, 2 or 3. All models incorporate variable gain control. 














ra Although its mineral-filled plastic 


case is only } in. wide and slighth 


RESEARCH over } in. long, this Milli Switch 
& DEVELOPMENT co “ INC model B-2 boasts some substantial per- 


Midwest Sales Office: formance figures. ‘The maker claims 
1 SO. NORTHWEST HWY., PARK RIDGE, ILL.—TAlcot 3-3174 that one has undergone over 265 mil- 


Western Sales Office: lion actuations without deterioration. 
737-41, SUITE 7, NO. SEWARD ST., HOLLYWOOD 38, CAL. + HO 5-5287 It’s sold with silver-plated solder ter- 


202 TILLARY ST. 
BROOKLYN 1. N.Y. 
Telephone 
ULster 2-6800 


o- 
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AMP Taper Tab 
receptacles for wire 
sizes 26 to 18 


AMP Taper Pins 
for wire sizes 
26 to 16 


A-MP TAPER BLOK 


Less Cube —Less Cost 
GREATER RELIABILITY 


Cubic restrictions have brought about a 

whole new concept of wire termination. The AMP Taper 
Technique with AMP taper pins, tab re- 

ceptacles, blocks and modified miniature components will help 
you take full advantage of small wire, 

small insulation and small space for your wire terminations. 
AMP Trade-Mark Reg. U. S. Pat. Off. © AMP 











Patchcord Programming System 
—for programming analogue and 
digital computers, data process- 
ing equipment, test equipment, 
automatic control equipment and 
similar devices. @A-MP® 


AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa. 
tn Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada 
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d-c 
motors 


compact, powerful 
high quality for a wide 
range of applications 


BARBER 
COLMAN 














Looking for a d-c fractional hp motor 
of unusually high quality, high depend- 
ability? Specify Barber-Colman, the ver- 
satile line of small motors in both per- 
manent magnet and split series types... 
in various mountings and speeds, and 
outputs up to 1/10 hp. Ideally suited to 
power electro-mechanical actuators, gen- 
erators, switches, blowers and program- 
ing devices. Barber-Colman small d-c 
motors are also available with lightweight 
radio noise filters to meet radio interfer- 
ence requirements of USAF. They are 
ideally suited for use as tachometer gen- 
erators. Whatever your problem involy- 
ing small motors, consult Barber-Colman 
Company for an expert solution. 


Write for free catalog F. 4344-1 
BARBER-COLMAN COMPANY 


Dept. V, 1448 Rock Street, Rockford, Illinois 
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ininals on the bottom of its case, and 
single pole double throw contacts. 
Milli-Switch Corp., 1742 Berkeley St., 
Santa Monica, Calif. 


Characteristics 


Movement differential .0.0015 in. max 

Pre-travel 0.008 in. max 

Overtravel 0.005 in. min. 
Operating force 

5 amps at 125 vac 

2.5 amps at 30 vde 

Circle No. 25 on reply card 


LITTLE RELAY deals with big 
currents or delicate signals. 


Up to 10 amp on the contacts are 
appropriate for the rating placed on 
this miniature relay. Bifurcated con- 
tacts can be supplied for handling low- 
current signals in combination of up 
to four pole double throw arrange- 
ments. Coils for 60 cycle vac, any volt- 
age up to 440, and dc to 230 v are 
available. Literature sent on request. 
Magnecraft Electric Co., 3354F W. 
Grand Ave., Chicago 51, IIl. 

Circle No. 26 on reply card 


TINY RELAY built for rugged 
aircraft applications. 


The object next to the can in the 
above photo is a cuff link. Though lit- 
tle (only 0.656 in. diam and 1.5 
long), the double pole double throw 
relay withstands 50 g shocks and 10 g 
vibration up to 500 cps. Its life is 
given as 100,000 cycles minimum at 





BALL & DISC 
INTEGRATORS 
| 





$9Q,00 


Low torque speed changers for 
smooth and stepless generation 
of variable reversible speeds. 

@ Input 0 — 750 rpm. 

© Output 0 — twice input rpm. 

© Output torque to 4 oz. in. 

@ Less than 0.5% error. 

@ Weight 16 ounces. 

@ Long service life. 

© Standard models 

for panel or base mounting. 


VARIOUS 
CONTROL RODS 
AVAILABLE 


A feature of the Reflectone Ball & Disc 
Integrators is the availability of various 
types of control rods, as shown below. 
Special lengths and configurations can be 
manufactured to customer specifications. 


HA 


VERNIER 





HL 


I 


SM 


Write for full information 


| 
THE REFLECTONE CORPORATION 


| STAMFORD, CONNECTICUT 
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the rated contact current of 5 amp 
non-inductive at 28 vde or 115 vac. 
Hermetically sealed and _nitrogen- 
filled, it weighs only 1 oz. Electro- 
Mechanical Specialties, Inc., 6819 
Melrose Ave., Los Angeles 38, Calif. 

Circle No. 27 on reply card 


SMALL SELECTOR switches ten 
circuits at 1,500 rpm. 


This little rotary switch is really a 
slip-ring assembly with interconnected 
commutator segments. Ten brushes 
provide ultra-low torque make-before- 
break switching. The maker claims ex- 
tremely low contact resistance through 
the use of gold alloy brushes, and ex- 
cellent wave shapes for chopper appli- 
cations after more than 12 million 
cycles with speed up to 1,500 rpm. 
Several sizes are available, with or 
without the l-in. diam by 28 in. 
long #10 synchro case. Electro Tec, 
South Hackensack, N. ]. 

Circle No. 28 on reply card 





AIR DASHPOTTED delay relay 
offers snap action contacts. 


This relay uses an air dashpot to 
i -< | 


delay from 25 millisec to 2 sec the 








BARBER 
COLMAN 





a 





Cmall Motors 


power the drive mechanism 


of new COMPTOMETER 


dictation machines 


The new Comptometer Dictation-Transcription Machine, pro- 
duced by Felt & Tarrant Manufacturing Company, features a 
magnetic recording belt that can be used again and again by 
magnetically erasing messages and dictating new ones. Sim- 
plicity of operation and finger-tip control are among several 
other advancements noted in this new dictating machine. 


To power the Comptometer’s driving mechanism the Barber- 
Colman type KYAB unidirectional, continuous duty, shaded- 
pole motor was selected. With its high starting torque and low 
inertia rotor, this highly dependable motor provides the sure 
starting and rapid response always demanded of dictating 
machines. 


If you, too, have a design project involving small motors, let 
Barber-Colman engineers help you solve it with the exact 
motor for the job. 


FREE DATA SHEETS ON WIDE LINE OF SMALL MOTORS 


The Barber-Colman line includes unidirectional, synchronous, 
and reversible motors—up to 1/20 hp. With and withour re 
duction gearing—open or enclosed types. Expert engineering 
service available. Write today, tell us your problems, ask for 
free data sheets. 





Barber-Colman Company 


DEPT. U, 1248 ROCK STREET, ROCKFORD, ILLINOIS 


Small Motors - Automatic Controls - Industrial Instruments - Aircraft Controls - Air Distribution Products 
Overdoors and Operators - Molded Products - Metal Cutting Tools -Machine Tools - Textile Machinery 
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If you are designing circuits in which reliability is a must, 
these electro-mechanical ‘‘Brain Cells’’ will serve 


swiftly and faithfully for a virtually unlimited life span. 


The fact that relays of this type are basic components of 
automatic telephone exchanges, is your assurance 
of time tested high reliability. They count, they 
memorize, they sequence operation in the most intricate 
systems. Their specialization is in ‘‘thinking through” 
orders flashed to them electrically in all kinds of 
control circuits, from simple power transfers to elaborate 


switching operations in tabulating machinery. 


NORTH RELAYS 


Complete line of North relays fully explained 
in catalog R-522-3. Available upon request. 


THE NORTH ELECTRIC 
“MANUFACTURING COMPANY 


Originators of ALL RELAY Systems of Automatic Switching 
534 South Market Street, Galion, Ohio, U. S. A. 
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opening or closing of its snap action 
contacts. Longer delays for special ap- 
plications are available. The coil is 
designed for nominal de voltages and 
can be provided with resistances up to 
12,000 ohms. Ac coils can be ordered. 
The single or double pole double 
throw contacts are rated for 5 amp at 
115 vac or 26.5 vds. The unit, 24 in. 
high, withstands aircraft temperatures 
and altitude. E. V. Naybor Laborato- 
ries, 30 Manorhaven Blvd., Port 
Washington, N. Y. 


Circle No. 29 on reply card 


RELAY OPERATOR has 
adjustable gain and setpoint. 


Operating relays on control current 
variations of as little as 3 microamp, 
this magnetic circuit uses a de bias 
to establish the setpoint and adjust- 
able positive feedback to vary sensi- 
tivity by a factor of 7. Powered by 
115 vac, with a 75 vde bias source, 
the potted unit will operate a relay 
at up to 10 cps. It’s not much bigger 
than a package of cigarettes. ‘The out- 
put can be driven from 30 to 7 v by 
the minimum differentials in the in- 
put. The input impedance is 500 
ohms. Dynamics Research Associates, 
404 Times Square Bldg., Seattle 1, 
Wash. 


Circle No. 30 on reply card 


PROCESS 
CONTROLLERS 


PRESSURE CONTROLLER’S ac- 
tion on-off or proportional. 


A pneumatic controller, designed 
for reliable operation at low cost, has 





BENDIX-PACIFIC 


Hl —Keyonie ideal hue 


GREATER STABILITY AT WIDER TEMPERATURE RANGES 
WITH EXCEPTIONAL NULL SHIFT RELIABILITY! 


Write to us outlining your Servo Valve problem. 
Application engineering is available. 


PACIFIC DIVISION 


Bendix Aviation Corporation 
NORTH HOLLY W c CA F 


EAST COAST OFFICE: 475 5th AVE., N.Y. 17 * DAYTON, OHIO-1207 AMERICAN BLDG., DAYTON 2, OHIO * WASHINGTON, D.C.—SUITE 803, 1701 ‘*K’’ ST., N.W 
CANADIAN DISTRIBUTORS: AVIATION ELECTRIC, LTD., MONTREAL 9* EXPORT DIVISION: BENDIX INTERNATIONAL, 205 E. 42nd ST., NEW YORK 17 








PRECISION 


GEARS? 


UANTITY OUTPUT at 
Po Mechanical Division 
of General Mills is held 
to tolerances In this 
range (.0002 total com- 
posite error). 


ances are held to one 


Angular toler umulative error) 


minute of arc (total ac 
on production runs. 





MECHANICAL Division oF General Mills, Ine. 


176 


Individual gears or complete assembled trains— 
General Mills can produce them for you with a pre- 
cision that’s unsurpassed anywhere. Many of our 
gear-making machines—hobbers, shapers, shavers, 
bevel gear generators—were specially built to our 
standards of precision or rebuilt by us to do finer 
work than the original designer visualized. 

Special inspection devices, many of our own de- 
sign, maintain precise standards on high-volume 
work. In addition, our gear assembly specialists are 
experienced in selecting and matching gears into 
trains with virtually imperceptible backlash. 

We'd like to quote on your special gear require- 
ments. Write, wire or phone: Mechanical Division of 
General Mills, Dept. CE-1, 1620 Central Avenue, 
Minneapolis 13, Minn. GRanville 8811 


ILLUSTRATED BOOKLET gives full details of 
the facilities, personnel and experience available 
to you at the Mechanical Division of General 
Mills. Write for your free copy. 
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set-point index, pointer, controlled air 
gage, and external set-point adjust- 
ing knob. Pressure changes actuate a 

| spiral mechanism, providing both on- 
off or ten per cent proportional band, 
with direct or reverse action. 

The pressure control range extends 
from 0 to 200 psi, with a maximum 
error of one per cent of full span. 
The new instrument is designed to 
permit interchangeable flush or surface 
mounting on panels of any thickness. 
It is housed in a black die-cast alu- 
minum case, 1] x 11 x 4 in. Minne- 
apolis-Honeywell, Industrial Div. 


Circle No. 31 on reply card 


FLOWMETER reacts to fluid 
pulses up to 2,000 cps. 


A strain-gage sensing element and a 
hinged orifice plate enable this flow 
meter to sense pulsating fluid velocities 
having high oscillatory components. 
The 1-in. diam size pipe pickup has a 

| natural frequency of about 2,000 cps. 

| This model will measure up to 8 gpm. 
Line pressures up to 2,000 psi have 
little effect on the accuracy of the 
device. 

Available with the pickup is a spe- 

| cial Dynamic amplifier-computer that 
performs a square-rooting function and 
| supplies a correct linear rate-of-flow 
signal to the flow indicator. The strain- 
gage sensing element operates with ac 
| or de excitation of 6, 12, or 15 v, pro 
| viding bridge resistance outputs of up 
| to 50 millivolts. Dynamic Instrument 
| Co., Inc., 28 Carleton St., Cambridge, 
| Mass. 
Circle No. 32 on reply card 
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Typical current 
Amplification characteristics 


Checked against similar types 
Sylvania’s Power Transistor consist- 
ently provides higher current gains. 








CURRENT AMPLIFICATION I¢ 
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Emitter Current, (amps) Ie 


Sylvania NPN Power 
Transistor 2N95 Exhibits 


Shown 
more than 
twice the 
actual size 


You compare 


Check the Sylvania 2N95 against 
similar Transistor types yourself — 
for current gain as well as all of these 
important power Transistor features 


Does the Sylvania 
2N95 offer— 


Operated at 1.0 amp emitter-cur- 
rent, the Sylvania 2N95 Transistor 
typically provides a current gain of 
17...3% times that of comparable 
types A and B. Even at 1.5 amp 
emitter current the 2N95 typically 
exhibits a high gain of 13. . . in fact, 
as the curve shows, the Sylvania 
2N95 provides the highest gain over 
the widest range of operating current 
conditions. 


bines all the important features you 
want in a power transistor, whatever 
your application. If, for example, 
yours is a switching application, the 
2N95 offers high gain at highcurrents. 

Designed for low thermal resist- 
ance, the Sylvania 2N95 Transistor 


provides dissipation up to 2% watts = : 


without an external] heat sink and up 


to 4 or more watts with a suitable i 


heat sink. This insures stable opera- 


1. lower cost 

2. low input impedance 
. low thermal resistance 
. high current switching 
. high current gain 


. mounting for air cool 
or heat sink 


7. hermetic seal yes 


A smaller version for heat sink mount- 
ing, the Sylvania 2N102 is also avail- 
able with the above features. 


In addition, Sylvania’s 2N95 com- 


“another reason why it pays 


tion in high ambient temperatures. ty 


Check your application for complete data on other 
Sylvania Transistors 


to specify Sylvania” 


¥SYLVAN 


Sy.vania Evectric Propucts Inc. 
1740 Broadway, New York 19, N.Y. 

In Canada: Sylvania Electric (Canada) Ltd. 
University Tower Building, Montreal 


ELECTRONICS - 


LIGHTING + RADIO - 


C) High frequency 


® | 


Dept. J16R 
Sylvania Electric, 1740 Broadway, New York 19, N.Y. 


C) High gain, low frequency 
Types 2N34 and 2N35 


C) High power, low frequency 
Types 2N95 and 2N68 
Types 2N101 and 2N102 


Types 2N94 and 2N94A 





| Name 





| Company 


Address 





TELEVISION 


* ATOMIC ENERGY 
77 


SEPTEMBER 1955 





178 


to a man 


who hinks he knows 


slass-to-steel 


hermetic terminals 


If you're a guy who thinks you 
must buy a bulky beefed-up terminal 
to get top performance like 100,000 
Megohms at 150° C. it’s because 
you haven't yet accepted our sugges- 
tion to test Fusite’s new Torture- 


Proof Terminals with V-24 glass. 


This brand new green glass 
makes possible greatly improved per- 
formance, but retains the famous 


Fusite light weight cap. 


All we ask is that you let us 


send you samples without obligation 
for testing under your own condi- 
tions. We know you will find extreme 
resistance to thermal and mechanical 
shock and greatly improved flash- 
over. These terminals are hot solder 
dipped for salt spray resistance and 


easy soldering. 


Specify Fusite V-24 glass in 


the samples you request. 


Write Dept. N -2 





CINCINNATI 13, OHIO 
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PULSE PUMP meters out fluids 
through discrete operation. 


The UMC pump above moves 
fluids as the result of action of a sole- 
noid-operated single-turn clutch. A 
timer, mechanical flow meter, differen- 
tial meter, gravimetric meter, etc., can 
be the source of the actuating puls¢s. 
The UMC has a capacity range of 
from 0.1 gph to 20 gph and operates 
at pressures to 5,000 psi. 

Although originally designed for 
proportioning additives and odorants 
to fuel and natural gas lines, applica- 
tions in food and other process indus- 
tries are envisioned. Hills-McCanna 
Co., 3025 N. Western Ave., Chicago 
18, II. 

Circle No. 33 on reply card 


NEW MODELS share flame 
control principles. 


Two new units share the spotlight 
in detection of flame failure. Both 
members of the Wheelco Flame-otrol 
svstem, Series 1400 functions on the 
flame rectification principle and Series 
1500 operates through a lead sulphide 
cell sensitive to infrared energy gen- 
erated by a flame. The controls in all 
models are housed in attractive cases. 
Plug-in chassis and maximum acces- 
sibility for examination, adjustment, 
and repair are among features. 

The design of Series 1400 recog- 





Save Money, Maintenance and Man-hours! 


with dependable, long-life 


federal 


SELENIUM 
RECTIFIER 


Power-Converting 
EQUIPMENTS 


NO costly, bulky, moving equipment to buy 
---mo expendable parts to replace fre- 


quently ... virtually no maintenance! No wonder 
Federal’s compact, rugged, always-dependable 
Selenium Rectifier Equipments are the growing 
answer to DC output requirements... for indus- 
trial power, battery charging and hundreds of other 
DC applications. 

Federal Equipments are ready to connect to your 
AC source... ready to deliver uninterrupted DC 
power wherever you need it and whenever you 
need it! 

Powered by Federal’s completely inert selenium 
rectifiers, the life of Federal Equipments is practi- 
cally unlimited. All are conservatively rated... with 
a wide margin of safety to withstand momentary 
heavy overloads. 


if the DC output you need is not in Federal’s line 
of standard power supply equipment, Federal will 
design and build to meet your specific require- 
ments. Tell us the rating you need. . . write today 
to Dept. E-292 


itt 


Federal Telephone and Radio Company 
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
COMPONENTS DIVISION + 100 KINGSLAND ROAD + CLIFTON, N. J 


In Conoda: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P.Q. 
Export Distributors: International Stondord Electric Corp., 67 Brood St., New York 
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yl Available for 


<= HIGH PRESSURE 


SERVICE 

















VAREC 


ia 2300: 








AUTOMATIC TANK GAUGE 





Service in working pressures to 300 p.s.i.g. is offered by the 
new VAREC Figure 2500C Automatic Tank Gauge. It’s a high 
pressure model of the successful WAREC Figure 2500 Series, 
equipped with the Neg’ator motor, which eliminates use of counter- 
weight and simplifies installation. This series has been tested by 
3 years of service in the Petroleum and Chemical fields, after 
2 years of experimental and development work. 

An important part of this new model is the magnetic drive, 
which requires no packing gland or mechanical seal on rotating 
shaft. The use of stainless steel ball bearing construction through- 
out provides a combination that reduces friction to a minimum. 

Liquid level indication on a mechanical counter and dial for 
convenient, easy reading. Components are enclosed in a separate 
compartment to keep tank vapors from fogging dial. Operation 
checker is standard equipment. 

Like the low pressure series Figure 2500 gauges, addition of 
remote gauger transmitter or control de- 
vices is a simple field installation. It is not 
necessary to remove the gauge head or 
disturb the original installation in any way. 


VAPOR RECOVERY SYSTEMS COMPANY 
282C North Alameda Street 
Compton 1, California 


961-9 Cable address: VAREC COMPTON Calif. (U.S.A.) All Codes 
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nizes the principle that a flame will 
conduct current better in one direc- 
tion than in the other. As long as a 
flame exists between grounded burner 
nozzle and the flame-rod pickup, no 
actuating signal will be obtained. Cir- 
cuitry of Series 1500 requires fluctuat- 
ing current at flame frequency from 
the photo-conductive cell for relay re- 
sponse. Constant background light, 
therefore, is ignored, while flame fail- 
ure, sensed by the cell, causes instant 
shutdown and alarm. Barber-Colman 
Co., Wheelco Instruments  Dyiv., 
Rockford, III. 


Circle No. 34 on reply card 


PACKLESS SOLENOID borrows 
line pressure to operate. 


An auxiliary operating piston, integ- 
tal with its disc holder, helps this 
valve overcome high line pressures 
in opening. At low pressures the 
solenoid does the job alone. The unit 
is also set up to handle high tempera- 
ture. It employs class “H” insula- 
tion in its coil, a heat resistant return 
spring, and sufficient thermal expan- 
sion clearance. Available from 4 to 3 
in., it has a bronze globe body, 
screwed ends, and an optional manual 
control hand-lever. Magnatrol Valve 
Corp., Hawthorne, N. 1). 


Circle No. 35 on reply card 


FLARELESS FITTINGS for copper 
and plastic instrument lines. 
Simply insert plastic tubing into 
these fittings, turn the knurled nut 
finger tight, and the tube, firmly 





7 contact assemblies and 


ll Gutewhangeable coils 


enable you to build a sample 


GUARDIAN 


> ccrics 200 eeray 
K<BA 


for Development Purposes 


Available 
at your local 


— 7 electronic 
Ideal for Testing | S parts 


and Experimenting Mite: distributor 


Guardian Series Guardian Series 


A.c. 100 D.c. A.c. 600 D.C. 


<¥ 


Your distributor can supply Series 200 Relays in quantities up to 
100 units. For larger production runs of completely assembled, 
adjusted and tested relays, we recommend the Guardian Series 
100 A.C., Series 105 D.C., Series 600 A.C., or Series 605 D.C., listing 
the same specifications as used to make up your Series 200 pro- 
duction sample. 


The complete GUARDIAN SERIES 200 RELAY parts assortment 
includes 7 Contact Assemblies and 11 Coils all of which are completely 
NO. 1 SOLENOID interchangeable. Contact assemblies vary from SPDT to 4PDT 
J standard or midget size with contacts rated at 8 or 1244 amperes. Coils 
range from 6 v. A.C. to 230 v. A.C. and 6 v. D.C. to 110 v., D.C. MS-115 STEPPER 
plus a 5000 ohm plate coil. All you do is select the rated coil and contact 
assembly you require, fasten these together with a screwdriver and you 
have a top quality, correctly rated, production sample Guardian 
Relay. Test it. Examine it thoroughly and critically. Then order your 
production quantities. Ask your local electronic parts distributor about 
er other Guardian industrial type relays, steppers, solenoids and ratchet 
NO. 16 SOLENOID relays, or write direct for further details. RC-100 RATCHET RELAY 


See Your Local Parts Distributor for RELAYS, SOLENOIDS, STEPPERS and RATCHET RELAYS 


GUARDIAN (@ELECTRIC 


1623-K W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE GF RELAYS SERVING AMERICAN INDUSTRY 
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INTERESTED IN TEMPERATURE 
MONITORING SYSTEMS? 





ABOVE — Custom-designed panel for 

monitoring temperatures from 128 ther- 

mocouples in four catalyst reactors. 

Jack connectors at each light permit the 

checking of any station with a single 

self-balancing indicator. 

RIGHT —Rear view of above panel, FUNCTION—Thermo Electric Temperature Moni- 
showing stepping switches, sequencing toring Systems signal dangerous temperatures (or 
relays, banks of signal memory relays other conditions) at any one of up to several hun- 
and thermocouple connection strips. dred points. Employing resistance bulbs or thermo- 
couples, these systems contain a minimum number 
of components—guaranteed by a single supplier 
—Thermo Electric Co. 


OPERATION — Each sensing element is con- 
nected ot a sequence-stepping switch, controlled 
by an impulse timer, which steps from contact to 
contact and transmits the signals to a master 
measuring unit. A visual-audible warning system 
for each element positively indicates the existing 
condition. 





Thermo Electric 
News Announcements 


DON'T MISS THE ISA SHOW IN 
LOS ANGELES— 
SEPTEMBER 12th TO 16th!! 
WE WILL BE IN 
BOOTH 404-405, 
TRY ee 2) 


TEMPERATURE MONITORING SYSTEMS 
TEMPERATURE CONTROLLERS 
INDICATING RECORDERS 
SELF-BALANCING INDICATORS 
MANUAL-BALANCE INDICATORS 
RECORDING CONTROLLERS 
THERMOCOUPLES 

THERMOCOUPLE WIRES 
THERMOCOUPLE EXTENSION WIRES 
CONNECTOR PANELS 

lita Sdelti sel temas) | iiesel 3 
ACCESSORIES 


TYPICAL APPLICATIONS — 


FURNACES 
PUMPING STATIONS 
POWER PLANTS 
MULTI-ZONE OVENS 
ATOMIC PILES 
WET-TANK PROCESSES 
PROCESS LINES 
and CATALYST BEDS 
"CERAMO” ... our latest high FOOD & CHEMICAL STORAGES 

temperature, metal-clad, ceramic FLOUR BINS 

thermocouple wite GRAIN ELEVATORS 

SYNTHETIC FIBER-SPINNING POTS 

PLASTIC MOLDERS 


We have openings for qualified AIR CONDITIONING SYSTEMS 


sales engineers and design engi- 
neers with electro-mechanical or in- 
strument experience. Include résumé 
with letter of application. Salary 
commensurate with experience. 


If you are interested in any of the prod- 
ucts shown here, we should be happy 
to send you descriptive literature. 


Thermo Electric @, de 


SADDLE RIVER TOWNSHIP, ROCHELLE PARK POST OFFICE, NEW JERSEY 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO 
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squeezed by an insert-expander, be 
comes a leakproof joint. When used 
in copper instrument lines, the wedg 
ing action of the nut causes the ferrule 
to “bite” into the tube wall, turning 
up a “shoulder” of metal 

The fittings are made for all com 
monly used body shapes from 4 in. 
to 1 in. OD copper tubing, and for 4 
in. to § in. OD plastic tubing. Catalog 
4324 provides all the data. The Parker 
Appliance Co., 17325 Euclid Ave., 
Cleveland, Ohio. 


Circle No. 36 on reply card 


AIR RELAY KIT for field use 
on control valves. 


The performance of any air oper- 
ated control valve may be modified 





through the use of this kit, says the 


maker. It provides solutions to such 

valve positioning problems as stuffing 

box friction, hysteresis, and unbal- 

anced inner valves. As little as 0.065 © 

psig input will apply full output (50 

psig max) to the valve motor. Six = rese imer 


pre-shaped cams are provided — for 
square root, linear, square, and _half- 
travel regulating characteristics. Bailey 
Meter Co., 1050 Ivanhoe Rd., Cleve- 
land 10, Ohio. 


for 
machine 
control 
panels 


Insures dependable operation and 
simplified control circuits 


Designed with a sealed dial that covers the elapsed time 
indicator, the Cycl-Flex Timer permits direct mounting to 
machine panels that are exposed to oil and dust. Timer 
switches control four load circuits. Interlocking contacts pro- 
vided without the use of auxiliary relays. Synchronous motor 


drive insures accurate timing. 
THE KIT APPLIED TO A 
INTER. VALVE The Cycl-Flex is one of the Eagle family of 


Circle No. ° ‘ ‘ ‘ ‘ 
inclo Ne. SY on reply card timers designed to fit into every industrial 


time control need. Eagle sales engineers, 


HYDRAULIC FITTINGS use located in 30 principal cities, will analyze 
straight threads for repeated 


your timing applications without obligation. 
assembly. 


FREE AUTOMATION BOOKLET 


Positive fluid seal with straight MAIL COUPON TODAY! 


threads (with or without the use of ilk pd Ghthin dnapaeteenbadimenepenebibewen ee 


© rings) and repeated assembly and Eagle Signal Corporation 
Division, Dept. “*-©*5 


disassembly without port damage are — 


the big features of this line of hydrau- 
lic fittings. The new “CN” types 
come in sizes ranging from § in. to 2 
in. OD in straight, 45 deg elbows, 90 
deg elbows, and tees. L and L Mfg. 
Co., 8088 E. Nine Mile Rd., Van 
Dyke, Mich. 


Circle No. 38 on reply card 


Please send Bulletin 120 containing complete data on the 
Cycl-Flex Reset Timer and free automation booklet, “See 
What Timing Can Do for You.” 


NAME AND TITLE 
COMPANY 
ADDRESS 


city 
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Oly LL 


3" VERTICAL 
TL 


CHARACTERISTICS 


2 degrees of freedom 
ual in roll, + 82° in pitch 


Unsurpassed 


IN PERFORMANCE 


Repeatability to established vertical 
...15 Minutes max. of 2 cone angle 
Free drift rate 
... 0.5°, Minute 


Un equal led Erection Tne ores 


Erection Rate 
IN COMPACTNESS 


...3°/minute-Normal 80°, minute-Fast 


Synchro Output (each axis) 
. . 11.8 volts, 400 cycles 


Only Kearfott can offer a Miniature Vertical gyro with big gyro 
Performance. Completely self contained, this gyro requires No 
External Erection Amplifiers. A gravity sensitive electrolytic device, 
within the gyro, directly associated with the torquer motors, pro- 
vides the necessary vertical reference. 

Hermetically Sealed, filled with a dry, inert gas. Satisfies the require- 
ments of MIL-E-5272 as regards shock test (Procedure II) humidity, 
salt spray, fungus resistance, rain, sand, dust, immersion and 
explosion proof. 

This gyro duplicates the performance of the Kearfott T2108 series 
in 3 the volume and weight. 


KEARFOTT COMPONENTS INCLUDE- 
Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Hermetic 
Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy 
mechanical, electrical and electronic 
components. 

Engineers: Many opportunities in the 
above fields are open. Please write for 
details today. 

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


NEW PRODUCTS 


ELECTRONICS 
IN CONTROL 


DELAY LINE equals 300 miles 
of radar range. 


This disc is a solid fused quartz 
delay line that produces a delay of 
4,100 microsec, equivalent to more 
than 300 miles of radar range. It has a 
carrier frequency of 8 me with a band 
width of 2 mc and meets military 
requirements for shock, vibration, 
pressure, temperature, and humidity re 
sistance. The delay line has an attenu 
ation of 56 db when terminated by a 
tuned 100 ohm load. The manufac 
turer will supply units of longer delay 
and higher carrier frequency. Ander 
sen Laboratories, Inc., 39 Talcott Rd., 
West Hartford, Conn. 

Circle No. 39 on reply card 


MARKER PULSER synchronizes 
output and scope marker. 


This *scope-control device locks all 
outputs together, providing jitter-free 
synchronization of output pulses, 
scope-marker pulses, and scope-syn- 
chronizing-pulses. It combines the 
functions of a marker generator and 


| KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
[ Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 


I West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. . 
i with respect to each other as well as to 


pulse generator. Its output pulses and 
scope-synchonizing pulses are variable 
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THE MASTER ELECTRIC COMPANY * DAYTON 1, OHIO 





DYNAMIC UNIBRAKE MOTORS 


In Master Type D Unibrakes, dynamic braking is 
obtained with a unique, patented brake winding 
superimposed on the stator winding of any Master 
single phase or polyphase AC induction motor. This 
provides dynamic braking for AC motors with no 


outside source of DC current required. 


ADVANTAGES. Type D, Dynamic Unibrakes are very 


simple and compact, and as the brake has no mov- 


ing parts, there is nothing to wear . . . nothing to 
adjust . . . braking torque remains uniform. 
SIZES. Now available up to 30 horsepower . . . larger 


ratings. are being developed. Master Gearmotors 
and variable speed drives can also be supplied with 


Type D Unibrakes 


MAGNETIC UNIBRAKE MOTORS 


Type M Unibrakes have electro-magnetic brakes of 
the friction disc type built into a continuation of the 
motor end cover, on the end opposite the regular 
shaft projection. Electric brake and motor form a 


compact, integral unit. 


ADVANTAGES. Type M Unibrakes are ideal for 
applications where quick or controlled stopping is 
required. They are particularly desirable on such 
applications as elevators, hoists, inclined conveyors, 


etc. where it is necessary to hold the load. 


SIZES. Available from Y to 150 horsepower and 
for practically any type Master motor. Master Gear- 
motors and variable speed drives can also be sup- 


plied with Type M Unibrakes. 





Variable 
SPEED 
PULLEYS 


SELECT- 
O- 
SPEED 
TRANSMISSIONS 


Save You Money 


HERE'S WHY: 


@ ECONOMICAL IN COST compared to 
other variable speed transmission 
equipment. Simple in design but 
rugged in construction to give you 
long dependable service. 


EASILY INSTALLED on new or old 
equipment. Just as easy to operate. 
Finger-tip adjustment gives the 
right speed instantly. 


MAINTENANCE IS NEGLIGIBLE. No 
complicated mechanisms to get out 
of order. All parts can be readily 
inspected. Belts can be quickly ad- 
justed or replaced. 


Lovejoy Variable Speed Pulleys 


are available in a 
complete range of 
| sizes from frac- 
tional to 15 hp., 
ratios to 3 to 1. 


Shown is a typical 
Lovejoy counter- 
shaft unit control- 
ling speed of auto- 
matic spring coiler. 


Lovejoy Select-O-Speed Transmissions 
can be supplied 
with hand wheel 
or lever control. 
Fractional to 5 hp., 
ratios to 10 to 1. 
This Lovejoy 
Select-O-Speed is 
used to control the 
speed of a printing 
press. 


For your variable speed sgaiiection, 
there is a type and size Lovejoy unit 
that will give you initial economy, 
dependable performance and long 
service life. 


GET FULL DETAILS 
NOW! 


Request Catalog 


LOVEJOY FLEXIBLE COUPLING C0. 


4948 W. LAKE STREET «¢ CHICAGO 44, ILLINOIS 
Mfrs. of Flexible Couplings, Variable Speed 
Pulleys and Transmissions, Motor Bases and 

Universal Joints. 
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the markers. ‘Time delays can be set to 
the nearest 0.01 microsec between 0 to 
50 microsec, 

Among the Marker Pulser’s other 
features are an inset rear deck, which 
facilitates connection of detachable 
line cord, video and sync cables, and 
coarse and fine controls for pulse 
width. Brubaker Electronics, Inc., 
9151 Exposition Dr., Los Angeles 34, 
Calif. 


Characteristics 


Output pulse width .0.1 to 10 microsec 
Amplitude 0 to 100 v 
Rise and fall time 
Repetition rate. ..100 to 5 ,000 pps 

Synchronizing pulse width .3 microsec 
Amplitude 
Rise time 
Impedance 

Circle 


“SCOPE REPORTS on outputs 
of 40 amplifiers. 


This 17-in. ’scope can display the 
outputs in bargraph form of 40 ampli- 
fiers, scanning each output every 4 sec 
The ‘scope shows the peak ac voltage 
during the previous period by a verti- 
cal line terminating in a de ot. A cali- 
brated graticule in front of the tube 
permits casy po of voltage values 
and channel identification. 

Each channel input is high imped- 
ance, single-ended with one side 
grounded, and has a maximum sensi- 
tivity (9 in. vertical deflection) of 45 
nt Me An X1, X/2, X/4 attenu- 


ator and a “remote” switch is provided 








Precision 
UN1Ne . WOW 
Potentiometers 


“Lo-TORK” POT LT % 


For minimum-torque uses in computer, 
servo, and selsyn service. Stainless- 
steel precision ball bearings. Maxi- 
mum torque is 0.01 inch-ounce. Dissi- 
pates one watt at 80°C. Resistances— 
100 to 100,000 ohms. Weight is only 
4 ounce. Ganging to six decks; inter- 
nal clamps hold } ” diameter. Standard 
linearity 0.5%; on special order 
0.25%; toroidal winding allows wind- 
ing angles to 360°; standard 354°. 


AP 1%-S 


AP 42-S 


MICRO-MINIATURE and MINIATURE 


Series AP 2-S—2 watts continuous at 
80°C; resistances 10 to 20,000 ohms, 
5% tolerance standard; diameter 4”, 
depth §”, weight 4} ounce; sealed well 
enough for potting. 

Series RT 7g-S—3 watts continuous at 
80°C; resistance 10 to 100,000 ohms; 
diameter 3”, depth }”, weight 4 0z.; 
standard linearity 2%. 

Series AP 1%-S—4 watts continuous 
at 80°C; resistances 10 to 150,000 
ohms; diameter 14”, depth 4”, wt. less 
than 3 oz.; standard linearity 1% 

All precision-machined, with anod- 
ized aluminum bodies _line-reamed 
phosphor bronze bearings, centerless- 
ground stainless steel shafts, and gold- 
plated fork terminals. Fully sealed 
and fungus-proofed. Can be processed, 
on special order for use at 125°C. 
Aerohm potentiometers are individu- 
ally checked for quality and perform- 
ance. 








Write for copy 
of our neu 
catalog 











WATERS MANUFACTURING, inc. 








ANALOG COMPUTER 








SOLVE 


Electro-mechanical problems... 


IN THE LAB! with Servomechanisms’ 
efficient, economical 
Mechanical Development Apparatus 


Pictured above are typical Mechanical Development Apparatus (MDA) 
assemblies, complete with electrical components. MDA is an assortment 
of standardized, precision-built, mechanical components designed for the 
purpose of simulating instrument and control systems in the breadboard 
phase of development. The apparatus makes designing extremely fast and 
economical. An appropriate group of these versatile units can be quickly 
assembled into a desired mechanism. The. components 
lend themselves to endless use and re-use due to LF oe” 
the flexibility of design. Only a small . 0 me. 
assortment is needed to cover a multitude of sl "lg iy 
problems. Prove out your design, quickly 5) uy 

and economically with these ; Lead Screws, Clutch 
versatile “tools”. 





PROCESS CONTROL SIMULATOR 


TR he. ‘ome ‘ 


Stainless Steel Shafts 
and Gears 


For complete information 


write for catalog to... 
SERVOTIL2CVGUNISMS COMPONENTS DIVISION 


INC. 625 Main Street 
Westbury, L. I, N.Y. 
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RESISTANCE * cogent NEW PRODUCTS 
THERMOMETER pera 
ELEMENTS for each channel. 


rapid response .. . Frequency response is within two 


: ° per cent from 10 cps to 10 ke, with no 
amazing accuracy . + - more than 3 db at 50 ke. Sweep linear- 


high quality > s & from ity is about two per cent and system 


inearity within one per cent. 
low cost .. ». linearity within one per cen 

: , I'he 40 channel large screen oscillo- 
successors to Ruge-deForest Inc. in the production and sale of scope and its power supplies are self- 
resistance thermometer elements comes the contained in a relay rack 234 in, by 


+ 


23 in. by 68 in. Electromec, Inc., 
5121 San Fernando Rd., Los Angeles 
39, Calif. 

Circle No. 4], on reply card 


} 


For use in research and production in all fields of 
TEMPERATURE MEASUREMENT AND CONTROL 


gr 


r 
OIL REFINERIES — For CHEMICAL PLANTS— For 
temperature control in continuous process tem- 
fractional distillation . . . perature control . . . 

MISSILE AND AIRCRAFT AUTOMOTIVE MANUFAC- 
MANUFACTURNG — For TURING — For tempera- 


conducting temperature ture surveys in new engine DIRECT COUPLED amplifier 
surveys... development. . . " : 
| drives low impedances. 








This Photocon-Model CA-401 is a 
direct coupled amplifier designed to 
drive galvanometer oscillograph ele- 
ments or other low impedance loads. 
Photocon Research Products, 421 N. 

Intended for surface temperature measurement and control, an RdF Foothill Blvd., Pasadena 8. Calif. 
Stikon consists of a temperature-sensitive grid of very fine nickel wire 
bonded into a paper-thin wafer of flexible insulating material. At- ae 
tached by cement to almost any surface anywhere, an RdF Stikon is Characteristics 
unaffected by shock or vibration. The response is extremely fast and 
amazingly accurate. Output. ..plus or minus 40 milliamp 
In addition to the standard RdF Stikons tabulated below, Arthur C. into a 35 ohm load 
Ruge Associates, Inc. manufactures special resistance-thermometer 
elements tailored to specific customer needs. : 
—_ ° Output impedance loads 
wav whee Jespeenre Wales fine 0 to 1,000 ohms 
Type 70°F (ohms) : Range F Material (Inches) , ? 
BN-1 81.7 —100° to +300° Bakelite V, x 1% x .005 Flat frequency response 
BN-3 50. —100° to +300° @ Bakelite 5.x 3% x 006 0 to 50,000 cps 
BN-4 200. —100° to +300° Bakelite %ex Ye x 006 Linearity within 1 per cent 
PN-1 50. —100° to +180° Paper mal % x 006 “ti 
PN.2 200. —100° to +180° Paper % x 006 Circle No. 42 on reply card 
SN-1 100. —100° to +500° Silicon-Glass 


Input... . plus or minus 600 millivolts 


Mail Coupon for 

FREE RdF STIKON BROCHURE T-54 

ON TEMPERATURE MEASUREMENT 

AND CONTROL APPLICATIONS positio® 
Firm 


paaress | o SERVO MULTIPLIER boasts 
an accuracy and economy. 


| Each. of the two single-channel 

servo multipliers in this Servo Multi- 
| plier Group is capable of multiplying 
| 5 variable de voltages by a sixth. 


Be 
ARTHUR C. RUGE ASSOCIATES INC 
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According to the manufacturer, the 
Model 123 is flat with 10 per cent 
amplitude to within plus or minus 
1 db at 5 cps and to within plus or 
minus 3 db at 12 cps. Its dynamic 
accuracy is 0.5 per cent at 0.5 cps 
and it can be provided with sine- 
cosine, tangent, secant, or special non- 
linear pots. Dynalysis Development 
Laboratories, Inc., 11941 Wilshire 
Boulevard, Los Angeles 25, Calif. 


Circle No. 43 on reply card 


agnetic 
mplifiers. 


Three New 
AC Servo 
Types 
Available... =: 


INPUT NO. 2 


115 VOLTS 
& or 400 cps. 


HIGH POWER silicon rectifiers 
are very efficient. 


Newly available silicon rectifiers 
cover the high power range from 10 
amp at 50 v peak inverse voltage to 
5 amp at 200 piv. They are rated to 
deliver continuous full power at 125 
deg C. Silicon’s high forward con- STANDARD TYPES 
ductance and low leakage current FOR AUTOMATIC 
gives extremely high efficiency. In CONTROL — 
common applications, _ efficiencies In addition to new 
range from 90 to 99 per cent. Silicon lines illustrated, 
exhibits no aging effects. The units many standard and 
= pie poor —o = salic eupiibers.ane 
l cooling. 1 ransitron available for appli- 
Electronic Corp., Melrose 76, Mass. cations involving 

Circle No. 44 on reply card 


@ MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 
Supply: 115 volt 400 cps. 
Power output: 3.5, 6, 10, 18 watts 
Sensitivity: 1 volt AC 
Response Time: .03 sec. 
Lowest Cost — Smallest Size 
For further information requeft Form $493 


@ MAGNETIC PRE-AMP + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 cps. 
Power output: 5, 10, 15, 20 watts 
Sensitivity: .1 volt AC 
Response Time: .008 to .1 sec. 
Highest performance — All magnetic 
For further information request Form $496 


@ TRANSI-MAG*: TRANSISTOR + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 or 60 cps. 
Power output: 2, 5, 10, 15, 20 watts 
Sensitivity: .08 volt AC into 10,000 ohms 
Response Time: .01 sec. 
Fast response at high gain 
For further information request Form $499 

(400 cps.); Form $497 (60 cps.) 


MAGNETIC 


STANDARDIZED 
SERVO SYSTEMS 
AND OTHER 


automatic control. 


CUSTOM DESIGNS 
FOR SPECIAL 
REQUIREMENTS 


— we design 
and engineer 
complete servo 
or automatic 
control systems 





DC AMPLIFIER extends fre- 
AFFILIATE OF 


quency response, jumps gain. 


Here’s an amplifier with a gain of 
10,000 that has a flat frequency re- 
sponse of up to 5,000 cps. When 


THE GENERAL 
CERAMICS 
CORPORATION 


AMPLIFIERS - INC 
Telephone: CYpress 2-6610 
632 TINTON AVE., NEW YORK 55,N. Y. 


ie 
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A temperature 
monitoring system 
for less than 


*500” 





Realistically priced — EDISON’s new 
OMNIGUARD provides protection 
against excessive temperatures in liquids, 
gases, bearings and other critical points. 

Any way you look at it OMNIGUARD 
is the economical answer to vital tem- 
perature measurement for power stations, 
process industries and manufacturing 
plants — 


* True unit design—each control- 
ling four points. Buy only the 
number of units you actually 
need. Add more later as required. 


Installation costs reduced by 
50% or more—group units where 
needed. 


You'll find it well worth your while to 
investigate OMNIGUARD, a remarkable 
development from the world-famous 
EDISON Laboratory. 


One pair of wires 
carries signal to 
remote annuncia- 
tor. Warning 
sounds the instant 
trouble occurs. 


Monitors are 
added as needed. 
Each circuit is 
“on guard”’ at all 
times. No scan- 
ning or circuit 
switching to delay 
alarm. 


Resistance tem- 
perature detectors 
protect the criti- 
cal temperature 
points. 





INCORPORATED 


INSTRUMENT DIVISION 
59 LAKESIDE AVENUE 
WEST ORANGE, NEW JERSEY 
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NEW PRODUCTS 


used with direct-writing oscillographs, 
the frequency range is 100 cps, but 
the response is extended to the upper 
limit through the use of photographic 
recording equipment. Even these ex- 
treme conditions will result in a drift 
of less than 4 chart millimeter per 
hour, the manufacturer states. Model 
B L-550, which eliminates the need 
for matched tubes by means of a 
chopper stabilized feedback circuit, 
covers a spread of from 100 micro- 
volts to 500 v and has a maximum 
oscillograph sensitivity of 100 micro- 
volts per chart millimeter. Brush Elec- 
tronics Co., 3405 Perkins Avenue, 
Cleveland 15, Ohio. 


Circle No. 45 on reply card 








TOROID COILS adapt to 
transistor boards. 


Here’s a line of torid coils with lug 
terminated windings for insertion in 
transistor terminal boards. Sizes range 
from ~ in. OD by } in. to g in. OD 
by 2 in. They have inductances up to 
2 henrics. The manufacturer will wind 
coils to special sizes and inductance 
values. Forrest Mfg. Co., 5962 
Smiley Dr., Culver City, Calif. 


Circle No. 46 on reply card 


TRANSISTORS, printed circuits 
miniaturize clamped flip-flop. 


‘Two junction transistors, two input 
diodes, and four clamping diodes, en- 
capsulated in plastic for humidity 
resistance, make this manufacturer’s 
plug-in flip-flop highly reliable. Power 
and space requirements are down, too, 
in Type 200C5, which uses printed 
wiring and measures 1% bv #8 in. 
Sprague Electric Co., 407 Marshall 
Street, North Adams, Mass. 


Circle No. 47 on reply card 
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$w/! SANDERS 
“MINIVALVE” 


MODEL SA-14 


/ Compact 
~ Lightweight 
Non-Jamming 
Low Input Power 
Built-in Torque Motor 
Wide Frequency Response 


This 


vanced design of a 2-stage hy- 


miniature valve is an ad- 


draulic amplifier utilizing the 
“Bootstrap” principle to develop 
larger forces with low input power 
requirements. Its improved, self- 
clearing feature eliminates jam- 
ming. 

SPECIFICATIONS: 

Flow — 4 GPM for 1000 PSI drop 
across valve; System Pressure — 
3000 PSI; Frequency Response — 
100 cps. (Also available: ‘‘Mini- 
flows to 200 


valves’” with 


GPM.) 


u Pp 


For detailed specifications, 
write to Dept. CE- 1 
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POT TRIMMERS short on size 
but not accuracy. 


The pot trimmers shown above are 
only 4 in, in diameter and weigh only 
1 oz, yet they come in standard mod- 
els of 10 ohms to 50 K with linearity 
of three per cent. Acetrim meets appli- 
cable portions of MIL and JAN speci- 
fications and has an ambient tempera- 
ture range of from minus 55 to plus 
125 deg. C. Ace Electronics Associ- 
ates, 125 Rogers Ave., Somerville 44, 
Mass. 

i Circle No. 48 on reply card 


CONTINUOUS-ROTATION pot 
for servo or bushing mounting. 


Up to 14 sections of this new single 
turn, continuous-rotation pot (series 
Y) can be ganged on one shaft during 
manufacture. Each section of the unit, 
which is designed for servo or bushing 
mounting, may have 17 taps spot- 
welded. Special linearities or conform- 
ities are supplied on order. Helipot 
Corp., 916 Meridian Ave., South Pasa- 
dena, Calif. 


Characteristics 
Diameter 3 in. 
oe ae 
Power rating at 25 deg C. . .3.4 watts 

at 40 deg C.. .2.5 watts 
Operating range 
minus 55 to plus 80 deg C 
Linearity (linear models) 
plus or minus 0.5 per cent 
Conformity (non-linear models) 
plus or minus | per cent 


Circle No. 49 on reply card 








See Your Packless” Demi” Values assembled and tested, Gooth 6-506, 


instrument-Automation Conference & Exhibit, Los Angeles, Calif., Sept. 12-16, 1955 


MINIATURIZATIO 


From Pilot Plant to Process 


4 “BANTAM” 500 SERIES 

Throttling “Bantam” Diaphragm Control 
Valves for all standard control valve uses, 
Cv of 0.6 and below, up to 1000 psi and 
500°F, characterized, renewable trim, 316 
stainless steel and teflon only wetted sur- 
faces, low in hysteresis, size and weight, 
a modern design of control valve. 2000 
series ‘‘Bantam”’ Control Valves available 
for on-off service. 


TUBE AND PIPE CONNECTORS » 

For use in such systems as aircraft 

or marine applications where 

weight is a factor, these connec- 

tors replace standard flanges. : 
Available in various materials, in 4 
male or female socket or butt 

weld design, for tubing, and up 

to schedule 40 pipe. 


4 “DEMI” PACKLESS VALVES 
For services when packing is a problem, mani- 
folding of small valves in one unit, these low 
cost valves have a great popularity. For services 
up to 1500 psi and 500°F., screw, toggle, or 
diaphragm operated, the “Demi” line is ideal 
for panel mounting up to five valves in one 


block. 





WHIFFLETREE OPERATOR » 
Two valves operated simultaneously by 
one operator. Valves may be globe or 
three-way and have a multitude of 
piping arrangements for mixing and 
routing applications, 


4 MANUAL RESET 
Wherever control air on dangerous or toxic 
process flows must be blocked for safety, 
on air failure until manually reset, these 
valves insure against disaster. Standard 
sizes 4" and 4” L.P.S. 


SAUNDERS VALVES — AIR OPERATED » 
Plastic valves, 2’’ and below, metal valves 1” 
and below, G. W. Dahl Company, Inc. dia- 
phragm operators on these valves provide 
simple, sure automatic operation. Each ap- 
plication must submit full flow information. 


Write us for complete technical information, or the address 
of our representative in your area. 
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You can 


LICK YOUR PROBLEM 
easier when you 


Go to JERGUSON 
for Liquid Level 
Gages and Valves 


Here’s why: 
Complete Line of 
Armored Gages and Valves 


Complete line of Armored Gages and 
Valves for handling hazardous or valuable 
liquids without fear of leakage or breakage. 


Special Function Gages and Valves 


Non-Frosting, Large Chamber, Heated 
and Cooled, Welding Pad, Remote Reading. 


Choice of Materials and Linings 


Gages and Valves made in stainless, 
monel, nickel, hastelloy, etc. Linings in 
rubber, neoprene, lead, Kel-F and other 
materials. 


Other Variations 
to Meet Your Needs 


Variety of close hookups; end, side or 
back connections. Valves available with 
quick-closing, double seating or throttling 
stem; vacuum tailpiece; connections flanged, 
socket welding, solid shank or spherical 
union. New design valves for instrument 
connection and sampling service. 


Experience; Cooperation 

Specialists in level indication where the 
service is hazardous, using special materials 
and construction, for any pressure. Progress 
based on working with men in the field. 
Jerguson engineers are ready and willing to 
help you with your problem . . . to develop 
exactly the right equipment for you. 


Ask Jerguson to help on your prob- 
lem, or write for General Catalog. 


Gages and Valves for the 

Observation of Liquids and Levels 

JERGUSON GAGE & VALVE COMPANY 

100 Fellsway, Somerville 45, Mass. 
Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
trole Service, Paris, France 
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NEW PRODUCTS 


le 


Leg < 
Gates 


GATING PACKAGE does host 
of computational chores. 


Shown symbolically above is a new 
universal logic “package” consisting of 
two 4-leg gates and two 3-leg gates 
joined by a 4leg buffer, a lumped 
delay, and an amplifier that produces 
both positive and inverted pulse 
trains. All components are mounted 
on an etched circuit panel in a space 
7 in. sq and 1 in. thick. Any logical 
function of three variables (using 
the connectives “not,” “‘and,” “or’’) 
can be handled. Also, a complete 
serial binary adder can be formed with 
only two gating packages. Logical 
systems are implemented by selecting 
the proper jumper connections. Com- 
puter Control Co., Inc., Wellesley, 
Mass. : 

Circle No. §Q on reply card 


CONTROL BRIEFS 


FAST COUNTER speeds pulses 
to remote point. 


Using either line or special voltages, 
Model 650 counter operates at up 
to 60 cps. Total count is 999,999. 
Raycon Corp., 164 Harbor Boulevard, 
Belmont, Calif. 


Circle No. 54, on reply card 


COUNTS THE HOURS, or 
minutes, if you prefer. 


A new timer counts up to 99,999.9 
hours or minutes on 110 vac. It’s less 
than 4 in. sq. and 2% in. deep. Cape- 
way Instrument Corp., Bedford Street, 
East Bridgewater, Mass. 

Circle No. 52 on reply card 


IT TAKES A KEY to reset this 
electric counter. 
You don’t change the count in this 


one unless you’ve got the key. It works 
up to 1,000 counts a minute on 110 





FOR BETTER 


SPEED CONTROL 


MODERN 
ELECTRONIC 
ENGINEERING 


GIVES 
PRECISE 


FINGERTIP 
SPEED CONTROL 


TACHOMETER 
PROPORTIONING 


TENSION OR 
POSITION CONTROL 


MOTOR INTEGRATORS 
BI-DIRECTIONAL 
DYNAMIC BRAKING 
SERVO CONTROL 


ehwvodf?. 


DIV of ~ ELECTRO DEVICES, In: 


4 Godwin Ave. Paterson, N. J. 
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vac. Maker claims the 6-Y-1-2-MF is 
the first moderately-priced lock model 
on the market. Durant Mfg. Co., Mil- 
waukee 1, Wis. 

Circle No. §3 on reply card 


LOW-FREQUENCIES recorded 
without amplifiers. 


Model LF accelerometers, for low 
frequencies, produce outputs which 
can be directly applied to recording 
galvanometers. Natural frequencies of 
from 7 to 20 cps over ranges of from 
2.5 to 10 g combine with sensitivities 
of over 3 in. per g for the 2.5 g 
model and over 1 in. per g for the 
10 g model. B & F Instruments 
Inc., 4732 North Broad Street, Phila- 
delphia 41, Pa. 

Circle No. 54 on reply card 


GYRO MOTOR provides 
unusual consistency. 


Hermetically sealed for longer stable 
performance, a new miniaturized gyro 
motor provides the rated angular 
momentum within plus or minus 0.5 
per cent, the manufacturer declares. 
It is applicable to positioning or rating 
gyros in automatic guidance and fire 
control systems, has an _ increased 
torque reserve that permits starting 
at low temperatures without heaters, 
and is guaranteed for 1,200 trouble- 
free hours. Inquiries regarding fitting 
the Type GAA gyro motor to indi- 
vidual specs will be processed with an 
eye to strict national security and 
commercial confidence. Westinghouse 
Electric Corp., Aircraft Dept., Lima, 
Ohio. 


Circle No. 55 on reply card 


RELAY NOW plunges into 
alumina-held mercury. 


Design changes embodied in an 
extended line of mercury relays are 
tamper-proof, self-closing clamp and 
improved terminal block for simpli- 
fied installation with vertical or hori- 
zontal compression-type load connec- 
tors. Alumina, the material of the 
mercury-holding cup, gives greater 
flexual strength, higher modulus of 
rupture, and handles higher in-rush 
currents. Ebert Electronics Corp., 
212-26P Jamaica Avenue, Queens Vil- 
lage 28, N. Y. 

Circle No. 56 on reply card 





THE/NEW FREQUENCY CONVERTER 
AVION 


A 400-CYCLE POWER SUPPLY 
BENCH SIZE 


@ PLUGS INTO 60-CYCLE LINE 
@ DELIVERS 100 VOLT-AMPERES 


@ OUTPUT FREQUENCY ADJUSTABLE 
380-420 cps—Panel Control 
200-1700 cps—External Control 


@ OUTPUT VOLTAGE ADJUSTABLE 
90-130 volts—Panel Control 





Frequency Regulation: Better than + 1 cps Independent of 
Voltage Regulation: Better than + 1% power factor and 
Harmonic Distortion: Total better than 3% 10% line variation 


The small size (17” long x 9” high x 13” deep), power output (100 V-A), and 


low cost afford the convenience of using one converter for each bench set-up. 
Four hundred cycle power handling capacity need be paid for only as required. 


Send for complete data on this new Avion product 


OTHER AVION PRODUCTS 
Electronic Choppers *¢ Voltage Regulators & References * Altitude & Air Speed Control! Units 
Magnetic Memory Systems * Miniature Plug-in Amplifier Units * Multron 
Power Supplies * Replaceable Subminiature Amplifier Assemblies * Signa! Generators 


x PN Ate) 


INSTRUMENT CORP 


Division of A C F Industries, Incorporated 





299 Highway No. 17 * Paramus, New Jersey 





Close-up view of transducers in action . . 


unit detects rate of motion without contact 








if 


Electro Transducers at North American Aviation 
Help Build Safer Planes 


Electro Magnetic Pickups are used to accurately measure the speed 


of their shaker driving motor for determining the frequency of the 
mechanical shaker. Information obtained from the pickup is fed 
directly to an electronic counter for extreme accuracy: This data 
provides North American with accurate acceleration figures for 





testing aircraft components. 


Write Today for Complete Facts about Electro Transducers! 


ELECTRO PRODUCTS LABORATORIES 
lectro 4501-C N. Ravenswood Ave., Chicago 40, Ill. 
115-55 





Canada Atlas Radio Ltd., Toronto 
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announcing 


PYROMETER 
CONTROLLER 


highly accurate, simple 
operation, low cost 


Here’s a new instrument of advanced de- 
sign for accurate, fully automatic con- 
trol of temperature in electric furnaces, 
ovens, other industrial heating devices. 
The AMPLITROL utilizes the estab- 
lished potentiometer principle, but never 
needs standardization. No batteries to 
service . . . no moving parts other than 
relay contacts . . . immune to vibration, 
dust and dirt. To operate simply set dial 
at desired temperature . . . signal lights 
show temperature condition from long 
distances. Available in both on-off and 
proportioning models with wide selection 
of F. or C. dials. Simplify your control 
procedures, cut maintenance costs with 
the AMPLITROL. 


minimum servicing 

no standardization needed 
no batteries 

highly visible signal system 


easily installed and operated 


LOW COST $140 and $155 
Write for data and dealer's name 


THERMO ELECTRIC. MFG CO. 


501 Huff St. Dubuque, lowa 
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Higgins On Conference. . . 


PROCEEDINGS OF THE First Con- 

FERENCE ON TRAINING PERSONNEL 

FOR THE CoMPUTING FIELp. Edited 

by Arvid W. Jacobson, Wayne Uni- 

versity, 104 pp. Published by 

Wayne University Press, Detroit, 

Mich. 

This volume comprises most of the 
papers given at the above conference 
held at Wayne University in June of 
1954 under sponsorship of the Asso- 
ciation for Computing Machinery, 
Industrial Mathematics Society, Insti- 
tute of Radio Engineers (Professional 
Group on Electronic Computers, De- 
troit chapter), and Wayne University. 

The prime purpose of this confer- 
ence was “to consider the many edu- 
cational and manpower problems 
brought about by the automatic com- 
puter.” The broadness of its scope is 
evidenced by the classification of the 
papers at the four major sessions: 1. 
Manpower requirement in the Com- 
puter Field (4 papers); 2. Educational 
Programs (4 papers and a panel discus- 
sion); 3. Influence of Automatic Com- 
puters on Technical and General 
Education (6 papers and a panel dis- 
cussion); and 4. Cooperative Efforts 
for Training and Research (2 papers 
and a panel discussion). 

An address by David D. Henry, 
president of the University of Illinois, 
on the role of a university computing 
center, and a roster of some 165 reg- 
istrants—many well-known in the com- 
puting field—round out the contents. 


... on a Control Text... 


ANALYSIS OF FEEDBACK CONTROL 

SysTEMS: SERVOMECHANISMS AND 

Automatic Recutators. By Rob- 

ert A. Bruns, Jet Propulsion Lab- 

oratory, California Institute of 

Technology, and Robert M. Saun- 

ders, University of California. 383 

pp. Published by McGraw-Hill 

Book Company, Inc., New York. 

$7.50. 

Within the last several years a 
dozen or so books on feedback control 
systems analysis have been published. 
In view of this, it may well be asked 
of yet another—how does it differ, 
essentially, from those already in print? 
The authors remark, in the preface, 
on two particular differences—namely, 
in primality of purpose and in divi- 
sion of content. 

As to the purpose: “This book is 
designed as a collection and an eval- 
uation of previous literature, present- 


| DataReader 
Model 546 


A transport unit 
for high-speed 
searching, reading 
and recording 

of data on 
magnetic tape. 











Vacuum column 
tape control 


Vacuum method of sensing provides 
servo control of the reel drive motors, 
resulting in a highly sensitive tape feed 
control. Only a short length of tape 
need be accelerated to bring the tape 
to full speed. Exceptionally rapid ac- 
celeration and minimum tape strain are 
realized, since no mechanical system 
inertia need be overcome. 


PERFORMANCE: 


RAPID START—STOP—REVERSE—from 
stop to full speed in 6 milliseconds. 
HIGH TAPE SPEED— optional single 
speed of 30, 40, 50, 60 or 75 in/sec. 
TWO-DIRECTION SEARCH—either di- 
rection, automatically at full speed. 
REMOTE OPERATION —forward, re- 
verse, stop, rewind and selection of 
reading and writing. 

END-OF-TAPE SENSING—stops auto- 
matically at either end of tape. 
RAPID REWIND—2400 ft. of 42” or 
%4” tape in 3 minutes. 


FOR FURTHER INFORMATION WRITE 
ElectroData Corporation 
Component Sales Division 
460 No. Sierra Madre Villa 
Pasadena 15, Calif. 


ElectroData 


An Affiliate of 
| CONSOLIDATED ENGINEERING CORPORATION 
OF PASADENA, CALIFORNIA 
ElectroData Corporation maintains a nation- 
wide sales and service organization. 
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ing a unified method of analysis con- 
sistent with the technological back- 
ground of the average person new to 
the field. The authors feel that he 
must first understand basic methods 
of analysis before proceeding to the 
more complicated and less specific 
problems of synthesis. It was in con- 
nection with a course of this type for 
scientists and practicing engineers that 
this material was orginally developed. 
In addition, it is felt that the book 
is suitable for senior-level students 
in engineering schools.” 

As to division of content: “The 
book contains two sections . . . (1) 
dynamics and transfer functions of 
components and (2) analysis of feed- 
back control systems. It is the hope 
of the authors that by understanding 
the operation of separate components 
first, it will be easier to understand 
their resultant action together in a 
closed-loop system. It has been the 
experience of the authors that the 
greatest difficulty in the elementary 
study of systems lies in the formation 
of the block diagram for the system 
and, in particular, determining the 
transfer functions of the individual 
components—hence, the emphasis on 
system elements.” 

It is to be noted, however, that 
this content, “Components” (ten 
chapters, pages 19-222), and “Feed- 
back-system Theory” (six chapters 
and appendix, pages 225-376), can 
be studied in different ways. “In 
writing the book the authors have 
tried to make the system-analysis sec- 
tions beginning with Chapter 12 
stand alone. Thus, the instructor may 
consider the system-analysis section 
before the component sections; or 
he may deal with some of both simul- 
taneously, e.g., one lecture on the- 
ory and one on components. The 
authors have taught the course both 
ways, but feel that the present order 
is the preferred one.” After a careful 
reading of this text, the reviewer is 
also of the authors’ opinion—namely, 
that it would prove best to take the 
seventeen chapters in order, as writ- 
ten. 

The prime content and relative 
stress of these chapters are, perhaps, 
best indicated by citing the chapter 
neadings and inclusive page numbers: 
Introduction (1-15); Part I: Mechani- 
cal Systems (19-45); Electric Actua- 
tors (46-66); Hydraulic Elements 
(67-82); Pneumatic Elements (83- 
103); Electric Circuit Elements 
(104-130); Electronic Amplifiers 
(131-152); Magnetic Amplifiers (153- 


FOR EXPERIMENTAL INTERCHANGE OF PRECISE 
MECHANICAL MOTIONS AND ELECTRICAL SIGNALS 


null balance circuit 


TRANSDUCER 


friction-free 
transducer 


high torque servo 


Of high accuracy and sensitivity, 

Atcotran Servo Kits operate on 

the linear transducer principle. 

They permit experimentation in 

applications of differential 

transformers to many devices 

and mediums such as force, . sieaten 5 
displacement, level, torque, _ aoe Sabb ABS ALEDS - 
tension, thickness, edge position. at 
Use is unlimited. SERVO AMPLIFIER 


For complete data write for 
EDS No. 72. Automatic 7 
Temperature Control Co., 


5242 Pulaski Ave., Phila. 44, Pa. 


ZA 
TERMINAL BLOCK AND 
CONNECTION CABLE 
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Order from Technical’s precision 
production of over 8000 different 
roll and dial Charts. 


No matter how varied your recording chart needs . . . 
Technical’s large specialized chart making facilities get 
your needs to you on time! And, in addition, when you 
order from Technical you simplify your paper work. 
Technical can ship many of 8000 different Charts 

with one order, one invoice, one delivery and 

one payment. It’s a unique service used by 

large and small firms alike . . . including 

E. |. DuPont de Nemours & Co., Inc., Mayo 

Clinic, Eastman Kodak Co. and others. Write 

today for Catalog 55, — services are out- 


lined and sample charts included for your = 
examination. 


ISA Convention, Los Angeles, Booth A175-A176 Catalog 55 


TECHNICAL CHARTS, INCORPORATED 


188 VAN RENSSELAER ST., BUFFALO 10, NEW YORK 





Nationally Represented by TECHNICAL SALES CORPORATION 
14599 Meyers Rood, Detroit 35, Michigan 
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SA 


Never Before 
TH 
Electronic History 

© So Sensitive ! 


¢ So Trouble-Free! 
e So Low Priced! 





input sensitivity 
as low as 
3 Micro-Amps 











output load control 
as high as 
60 Amps or 3 H.P. 








® Completely A.C. Operated 





EBERT'S new Micrelay 


electronic sensitive relay 


Instantaneous, positive control of high power, high current loads 
activated by very low current, low power devices or circuits. Supplies 
its own operating voltages for high and low impedance applica- 
tions. Perfect for control circuit impedances from 10 megohms to 
100,000 ohms. Features the U L approved Ebert Mercury Plunger 
Relay for millions of silent, service-free ‘‘makes’’ and “‘breaks."’ 


- All-Electronic 


®@ No rectifiers or sensitive ormoture-type relays are used 
@ Built-in power line isolation 


WRITE FOR FREE LITERATURE TODAY 
AND 30 DAY FREE TEST DETAILS 


EBERT ELECTRONICS CORP. 


212-53 Jamaica Ave., 


New /ow-cost 


Queens Village 28, N. Y. 


DIGITAL VOLTMETER 


DIC DIGITAL VOLTMETER (TYPE 33-110) 


is CEC’s newest unit for low-voltage 
analog-to-digital conversion. It offers true 
economy plus high accuracy. Output in- 
cludes illuminated numerical display 
(above) and decimal-coded contact clo- 
sures. Suitable for bench use or rack 
mounting (two units fit side by side in 19” 
rack) the 33-110 is useful for both lab- 
oratory indication and as a building block 
for automatic data-processing systems. 


SP 


. digital range 
... accuracy 
... Sensitivity 


ECIFICATIONS 


000 to 999 (1000 steps) 
1/10th % of full scale 
10 millivolts provides 
full-scale output 


| ee 0.8 second, max. 


.. power source 


Sales and Service Offices Located in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, Detroit, 
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105-115 volts a-c 


Consolidated 


Send for Bulletin CEC 3009-X 1 


Engineering 
Corporation 
300 North Sierra Madre Vill 


a, Pasadena 15, California 


New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. C. 
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172); Dynamoelectric Amplifiers 
(173-185); Transducers, Data Trans- 
mitters, and Error Detectors (186- 
207); Reference Standards (208-222); 
Part II: Specifications and Stability 
(225-258); Block Diagrams and Net- 
work Reduction (259-290); Experi- 
mental Methods for Obtaining Trans- 
fer Functions (291-313); Transient 
Response from Frequency-response 
Data (314-333); Nonlinear Systems 
(334-353); Discontinuous Systems 
(354-368); Appendix: Stability Cr- 
terion for Multiple-loop Systems (369- 
376). 

The content is well-integrated and 
supported by many numerical exam- 
ples. The references, though limited 
in number, are directly pertinent. 
Among special features: “the transfer 
functions of a great variety of com- 
ponents”’ and an interesting account 
and associated table of block-diagram 
transformation theorems. An exten- 
sive set of well-pointed questions and 
numerical problems (including many 
typifving systems occurring in_prac- 
tice) terminate each chapter. A 
well-written preface; a list of symbols 
stemming, most commendably, from 
recommended ATEE-ASME nomen- 
clature, and a_ well-detailed index 
round out the book. Each chapter is 
well-developed in detail, except for 
the last two. These, on Nonlinear 
Systems and on Discontinuous Sys- 
tems, are short and rather descriptive 
—which is to be expected in view of 
the intended level of the text. State- 
ments and analytic detail are, in gen- 
eral, quite accurate—though the re- 
viewer did note a number of rather 
minor errors that could easily be cor- 
rected in a second printing. 

This text is admirably suited to 
the practicing engineer who desires, 
through self-study, either to gain a 
first grounding in modern control 
theory or to extend knowledge gained 
by earlier study of a somewhat less 
exhaustive work. 


And on Two German 
Control Tomes 


AUTOMATIC INDUCTIVE CONTROL: 
SystEM ScuopreE & FAESER, 55 pp. 
Published for Hartmann and Braun 
AG, Frankfort/Main, Germany. 


This booklet stems from a course of 
lectures by the German process-con- 
trol engineer, H. J. Kinscher. It 1s 
published to disseminate information 





NORTHAM 


LINEAR 


POSITION 
TRANSDUCE 


Case Length 
1" 


For conversion of linear motion or 
position into an electrical output for 
remote indication, recording, and 
control. The instrument is of the var- 
iable inductance type and provides 
precise measurements under ex- 
tremes of acceleration as well as un- 
der static conditions. All electrical 
components are rigidly embedded in 
the case, permitting operation un- 
der shock and vibration conditions. 


MODEL LP-1 SPECIFICATIONS: 
Range of Motion:....+ Y2 in. to + 2 ins. 
Accuracy ..c% 1% full scale 
Excitation Frequency: From 60 to 20,000 cps 

WRITE FOR BULLETIN NO.CE-1 
Northam Engineering Facilities Are Available 
To Assist You With Any Application Problems. 

NORTHAM PRODUCTS INCLUDE... 


Transducers for pressure, acceleration and 
displacement measurement and auxiliary 
electronic equipment for complete systems. 


NORTH AMERICAN INSTRUMENTS, INC. 


2420 North Lake Avenue * Altadena, Calif. 











Two New 


TRANSDUCER 
AMPLIFIERS 


Model 300 

with 60 cycle car- 
rier for static, or 
slow-change uses 


Model 400 
with 20 ke carrier 
for dynamic 
oscillographic study 





co 


For use with Commercial 
Differential Transformer 
Transducers 


Outputs for oscillographs, recorders, 
alarm and control devices 
Sensitivity,to .000001” of core 
displacement 

Linearity to 1%—Accuracy to 12% 
Response Zero to 2000 Cycles 
Stabilized, high-gain circuits 


For complete specifications write: 
216 SOUTH MAIN ST. * DAYTON 2, OHIO 
ALSO AVAILABLE—Specialized Transducers, 


calibrating equipment, limit controls and 
complete systems engineering services 








‘CINEMA | switches 
| | or 


INSTRUMENTS AND 
Glass epoxy 
insulation brings CONTROL CIRCUITS 


an expanded range 





of characteristics 
to these new CESE 
Switches. Write 
for catalogue on 


your letterhead. 








a CINEMA ENGINEERING CO. 
EE DIVISION AEROVOX CORPORATION 


1100 CHESTNUT ST. + BURBANK, CALIF. 











We take pleasure in announcing 


A NEW CONCEPT in NUMERICAL CONTROLS 
for MACHINE TOOLS 


You are cordially invited to attend a demonstration 


of our new control system 


at our plant 


OERLIKON TOOL & ARMS CORPORATION OF AMERICA 
ASHEVILLE, N. C. 
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NEW! 


REVERSIBLE 
DATA REDUCTION 


SYSTEM 


Handles 200,000 
Points per second! 


@ MAXIMUM RELIABILITY... no electro- 





mechanical switching units to fail or service. 
@ MAXIMUM ACCURACY ... temperature- 





stabilized standard cell array automatically 
calibrates voltage measurements. 


@ MAXIMUM LIFE... outlasts other converters 





by years of continuous operation. 


Now a 


converter... 


brand new 
DATRAC... 


ultra-high-speed 
automatically 


data 
volt- 


reversible 
translates 


ages to digital data or reverses the process. 

Bulletin just released shows suggested DATRAC appli- 
cations such as: engine test data translation; reduction 
of shaft rotation and thermocouple or strain gage infor- 
mation to digital form; precision analog recording and 
playback; machine tool and chemical process control; and 
many others. Also includes specifications of five DATRAC 


converter models. Send for your copy.. 


EPSCO, 


588 Commonwealth Ave 


INC 


, Boston 1 


. TODAY! 


ORPORATED 


5, Mass. COmmonwealth 6-322 





ATOMIC’S 


TOTALIZERS 
Instruments for 
counting by units, 
tens, dozens and 
gross. Various 
models afford 

up to eight digit 
count capacity. 


PRE-SET COUNTER 
CONTROLLERS 
Operate at speeds from 
0 to_2000 counts/sec. 
Actuate an electronic 
contro! circuit when 
predetermined count is 

reached. 


- »- please 


INDUSTRIAL COUNTERS 
AND CONTROLLERS 


_ with UNITIZED CONSTRUCTION 


Straight Counting 
Process Control 
Quality Control 
Specialized Counting 


Slow counters without registers. Speeds from 0 to 4000 counts/sec. 


Fast counters without registers.Speeds from 0 to 20,000 counts/sec. 


Slow counters with registers. 
0-500, 0-600, 0-720 counts/sec. 


Fast counters with registers. 


SINGLE PRE-SET 
Count capacities from 99 


to 999,999. 


control circuit at pre-set 


count. 


DUAL 


PRE-SET 
Count capacities from 99 to 


Units in ranges from 0-50, 0-60, 


Speeds from 0 to 20,000 counts/sec. 


Manual re-set with 
locking type relay 
Sperates single Automatic or manual 
re-set with momentary 
relay 


Manual re-set with 
locking type relays 


$9,999. Actuates two 


different pre-set control 
circuits in sequence. 


request Atomic’s 


feteitieet ae plating PY ete Me @yelect) Mm Orictle! a @ Geer & 


>Radioactivity Measurement Instrumentation 
>E€Electronic Counting and Control Equipment 
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Automatic or manual 
re-set with momentary 
relays 





ipresentatives in principal cities — U.S 


ATOMIC 


CAMBRIDGE 39, MASSACHUSETTS, US A. 


INSTRUMENT 
COMPANY 


. and abroad} | 
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about the continuously acting all-elec- 
tric rapid control system recently de- 
veloped by Schoppe and Faeser 
G.m.b.H., a subsidiary of the well- 
known German firm of Hartmann & 
Braun. 

The booklet is divided into three 
parts. Part 1 outlines “Important 
Fundamental Principles of Automatic 
Control Technique.” Part II describes 
the “Action and Building Units of 
the Automatic Inductive Control,” 
namely the inductive remote trans 
mitter (a selsyn device), the electronic 
control amplifier, the specially de- 
signed two-phase induction motor, and 
an auxiliary ‘T-unit. 

Part III, “Examples of Simple 
Automatic Control Methods,” which 
constitutes 60 per cent of the booklet, 
is divided into two sections. Section 
A describes in detail seven “Fxamples 
of Continuous Value Controls.” The 
examples cover water pressure, air 
pressure, gas pressure, steam tempcra- 
ture after a jet cooler, steam pressure 
of boilers (coal control), power out 
put of an auxiliary electric generator, 
and live steam temperature of a boiler. 
Section B gives three “Examples of 
Ratio Control’: control of gas-air 
mixture, coke-gas and mix- 
ture, and steam-air ratio. 

Ihe reviewer found the English 
translation of the German text tech- 
nically correct and readable. The ac- 
count of the control system permits 
an easy grasp of its construction and 
functioning. The ten examples 
well detailed and_ illustrated 
excellent line drawings. Accordingly, 
a reading of this excellent booklet 
(sent gratis on request, I believe) is 
recommended to the engineer con- 
cerned with process control, particu- 
larly boiler or furnace control, chemi- 
cal plants or heavy industry. 


Ppoor-gas 


are 
with 


REGELUNGSTECHNIK. Edited by the 
Fachausschuss fur Regelungstrech- 
nik des Vereines Deutscher Inge- 
nieure and des Verbandes Deutscher 
Electrotechniker, 282 pp. Published 
by Deutscher Ingenieur — Verlag 
GMBH Dusseldorf and VDE— 
Verlag GMBH, Wuppertal and Ber- 
lin, 1954. Approximately $6.00. 


This book is essentially a proceed- 
ings of two German conferences on 
control engineering, which were held 
at Bonn, Sept. ey 1953 and at Essen, 
May 14-15, 1954, under the auspices 
of the joint Professional Group on 
Control Engineering of the VDI 
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Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates. 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series: 





GAS-0-DOME 
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GD 30 
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0-3600 
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0-5000 
0-10000 


0-500 


SPECIAL FEATURES GASES HANDLED 





High Delivery Flow Rates. 
Accurate Valve Control. 





Air 

Argon 

Helium 
Hydrogen 
Nitrogen 
Oxygen 

—and others 
non-corrosive to 
bronze and 
stainless steel. 





Excellent Capacity. Compact — 
Te— 4 x x 6". 
—67° to +160° F. Range. 


Accurate Valve Control. 
—67° to +160° F. Range. 


Self-Relieving Pilot Regulator _ 
Control. High Flow Rates. é 

High Pressure, Low Flow. Com- 
pact—4 Ib. —2” x 6” x 6”. 


Corrosion Resistant. 








VICTOR’S LONG EXPERIENCE 

IN PIONEERING HIGH PRESSURE 
GAS REGULATION is yours for the 
asking. For details, and complete 
data on Gas-O-Dome Regulators, see 
your VICTOR dealer or write us for 
catalog 341. Dealer inquiries invited. 











SR 10 0-1000 





SR 100 0-30 & 


VICTOR EQUIPMENT COMPANY 


Mfrs. of welding & cutting equipment, hardfacing rods; 
blasting nozzles; cobalt & tungsten castings. 


844 FOLSOM ST. * SAN FRANCISCO 7 


(German Association of Engineers) 
and the VDE (German Society of 
Electrical Engineers). In it there are 
28 papers by prominent German spe- 
cialists in control engineering and an 
introduction by the noted process con- 
trol engineer, G. Wiinsch. 

Continuity in the subject matter is 
obtained by grouping papers having a 
common theme. The text contains 
seven major sections—(1) Fundamen- 
tals, (2) Technique of Control De- 
vices, (3) The Controlled Unit and 
the Controller, (4) Application of 
Controllers in the Process Industries, 
(5) Drive Control, (6) Control in 
Power Plants and Electric Transmis- 
sion Systems, and (7) Regulation and 
Control [of Direct Current Genera- 
tors]. 

Each section covers topics in vari- 
ous fields of control. To illustrate, 
the fourth section contains papers on 
control in the chemical, oil, iron, 
paper, gas equipment, and glass in- 
dustries. The sixth discusses “Control 
in Steam Power Plants,” “Frequency 
Control and Power-Flow Control in 
Interconnected Networks,” and “Volt- 
age Control in Alternating-Current 
Installations.”” The papers in the other 
sections are similarly diverse. 

The appendix lists in parallel col- 
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Ammonia (wet or dry) 
Boron Trifluoride 
Chlorine (wet or dry) 
Hydrogen Sulfide, 
Hydrogen Chloride, 
Sulfur Dioxide—and 
other corrosive gases. 











umns the principal control terms used 
in the text (as defined in the recently 
adopted German Standard DIN 
19226) and the English, American, 
and French equivalents of these terms. 
he preface reveals the prime purpose 
of the meetings—to afford engineers 
in different fields a survey of current 
practices and to evince the common 
bases of these practices. 

Three general statements may be 
made about the papers. (1) They are 
largely descriptive in nature and can 
be read by an engineer with a minimal 
knowledge of control theory. (2) 
Though covering numerous branches 
of industry, their emphasis on contro] 
in each will attract control engineers 
regardless of their fields of specializa 
tion. (3) They use common standard 
terminology with American equiva- 
lents in the appendix, facilitating read- 
ing by the engineer who has a limited 
command of technical German. 

Because of the professional stature 
of the authors, the diversity of topics 
covered in their papers, and the thor- 
oughness with which each paper is 
developed, this book is both an ex- 
cellent integrated account of the pres- 
ent state of control engineering in 
Germany and a striking demonstration 
of the rapidity with which it is ex- 


AUTOMATIC 
PYROMETER 


SIMPLYTROL 


Cot. No. 453! 0/2500° F 
Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling 
and processes 
and reliable with few moving parts. 
are no vacuum tubes 
is S.P.D.T. 5 Amps 
relays to 40 Amps. 


temperature in furnaces, ovens, 
The Simplytrol is economical 
There 
The regular load relay 


Optional heavy duty 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F 
“On & Off’ control for holding the desired 
temperature works on gas, oil or electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com- 
pensation. For use with all standard thermo- 
couples. Accuracy 2% 

Simplytrol from 
pyrometer for 
Cabinet: 61/2x 


“Auto-Limit switch changes 
automatic controller to limit 
safety shut down or warning. 
6V2x9V2 inches. Also flush panel mount models 
Send for new Bulletin G-7 for more data. 
Assembly Products, Inc., Chesterland 22, Ohio. 
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E-| Digital Voltmeters. 
automatically digitize 
analog telemetry data 


een 





give Douglas engineers 
digital output in real time 


The Telemetry Ground Station for the 
Douglas F4D Skyray monitors and records 
the various parameters of the aircraft dur- 
ing flight. The data, as recorded on mag- 
netic tape, is then played back through the 
Data Reduction Station where it is plotted 
and digitized in real time. 


Automatic operation 

To compute in real time requires that the 
varying analog voltages from the aircraft 
be digitized. Six EI Digital Voltmeters, 
used in this application as analog-to-digital 
converters operating in real time, auto- 
matically digitize these voltages, and pro- 
vide the necessary circuits for printing the 
data on an IBM tabulator. 

Measure voltages within 0.01% 
Although these particular EI instruments 
are special, in that they employ a unique, 
high-speed logic, standard EI Digital Volt- 
meters are now widely used for precise, 
automatic measurement and display of 
D.C. voltages. Operation is entirely auto- 
matic; no manual adjustments are required 
after calibration. Digital, in-line presenta- 
tion eliminates reading and interpretation 
errors. Numerous models are available, 
including 3-, 4-, and 5-digit instruments. 
Special reqvirements given prompt atten- 
tion. Write for catalog explaining these 
precision devices today. 


Engineering representatives in 


major U.S. and Canadian cities 


LECTRO 
NSTRUMEN 


= INCORPORATED 


|New sooxs 


panding. Therefore, a careful reading 
will prove most instructive to all who 
are interested in the development of 
control engineering in the U. S., 
whether they are teaching it or prac- 
ticing it. 


Thomas J. Higgins 
Dept. of Electrical Engineering 
University of Wisconsin 


Hastings Now Bound 


APPROXIMATIONS FOR DIGITAL 
Computers. Cecil Hastings, Jr., as- 
sisted by Jeanne T. Hayward and 
James P. Wong, Jr. The ranp Cor- 
poration, 6 by 9} in., 203 pp. Pub- 
lished by Princeton University Press, 
Princeton, New Jersey. $4.00 


This collection of approximations 
for 23 commonly used univariate func- 
tions has been specially designed for 
numerical analysts and digital com- 
puter operators. Each function is ap- 
proximated to several degrees of pre- 
cision, and sometimes for two different 
ranges of the independent variable, 
resulting in 76 sets of approximations 
altogether. Each approximation is ac- 
companied by a carefully drawn curve 
that represents the error in the ap- 
proximation over the range for which 
it holds. 

This book is very interesting for a 
number of reasons. It is the first pub- 
lication in book form of Hastings’ 
approximations, which formerly were 
available only as loose sheets to a lim- 
ited number of specialists. Part II of 
the book lists the approximations, af- 
fording a page to each to make refer- 
ence easier. Part I develops the meth- 
ods used by Hastings in producing his 
approximations. This development is 
carried through in a particularly lucid 
pictorial style, with running commen- 
tary in caption form. The presenta- 
tion technique grew from the original 
film strip version that was prepared 
for a local meeting of the Digital 
Computers Association. 

The methods described minimize 
the maximum absolute deviation 
rather than the conventional mean 
square deviation. Though the meth- 
ods have very simple basic hypotheses, 
it soon becomes clear that the deriva- 
tion of the approximations themselves 
depends to a great extent on intuition 
and a profound mathematical knowl- 
edge. The approximations are, how- 
ever, far simpler than those yielded by 
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TECHNICAL WRITING 
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TWS offers you a single 
INTEGRATED publishing 
service prepared to under- 
take a project from research 
and planning through fin- 
ished manuscript and art, 
typesetting, mechanical 
preparation, printing and 
binding. Whatever the situ- 
ation, whatever the type of 
literature you need, our edi- 
torial and art consultants can 
help you, bringing to your 
most specialized job the 
craft and skill of publishing 
experts. 


WRITING EDITING 
ILLUSTRATING 
PRINTING 


TO YOUR OWN OR 
GOVERNMENT SPECIFICATIONS 


Whether you need an in- 
struction book or service 
manual, to accompany your 
equipment, written to gov- 
ernment’ specifications . . . 

. . Or product catalogues 
or training booklets . . . or 
annual reports . . . or com- 
pany histories . . . our writ- 
ing staff can do the job for 
you, our artists can create 
and execute the illustra- 
tions. And McGraw-Hill 
printing, binding, and paper 
resources are among the 
best in the country. 


SAVE MONEY AND TIME 


LET OUR STAFF BE 
YOUR STAFF FOR 


TECHNICAL and BUSINESS 


PUBLICATIONS 


ASK 
OUR REPRESENTATIVE 
TO CALL 


Write ¢ Phone 


Technical Writing Service 
McGraw-Hill Book Co., Inc. 


330 W. 42nd St., N. Y. 36, N. Y. 


LOngacre 4-3000 
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Spectral Vibration 


From “Shortcomings of Present 
Methods of Measuring and Simu- 
lating Vibration Environments,” 
by C. T. Morrow and R. B. Much- 
more. ASME Paper 55-SA-2. 
Vibration of equipment in the field 
occurs most often in random distribu- 
tion. Therefore, laboratory tests with 
discrete frequency intervals often pro- 
duce erroneous results. If the vibra- 
tion is random, the equipment should 
be design-tested under random con- 
ditions. The random spectra can be 
recorded in the field and played back 
through an clectronically driven vi- 
brator to the structure under test. 

After discussing the statistical vari- 
ation of accelerations in the spectra, 
the authors develop several conclu- 
sions: 
> The unit for measuring and analyz- 
ing random vibrations should be on 
g* per cps basis. This means the 
bandwidth of the instrumentation 
used to measure the vibration must 
be taken into consideration, and sub- 
sequently divided out of the quantity. 
> The unit for measuring acceleration 
within the band should be in terms 
of rms readings. The rms value is re- 
lated, by definition, to the instantane- 
ous acceleration. Two or more ran- 
dom collections, stated in rms values, 
may be combined as the square root 
of the sum of the squares. 

Equivalent spectral vibration by a 
single frequency can be simulated if 
the system is near resonance and the 
dynamics (particularly bandwidth) of 
the structure is known. This equiva- 
lent single frequency aids in setting 
up arbitrary _ proof-of-workmanship 
tests. This is treated fully in the 
appendix. 


Tape Reader and Checker 


From “A Rotating Reading Head 
for Magnetic Tape and Wire,” 
National Bureau of Standards, Sum- 
mary Technical Report, U. S. De- 
partment of Commerce, Washing- 
ton 25, D. C., June 1955. 


A reading head that makes possible 
the close examination of a short sec- 
tion of magnetic take or wire is now 
being used at the National Bureau 
of Standards to locate and investigate 
faults in magnetic recording media. 
Developed by J. R. Sorrells of the 
NBS data processing systems labora- 
tory, this instrument uses a reading 


HIGH SPEED 
DIGITAL 
RECORDING 


WITH THE 


POTTER 
DIGITAL 
MAGNETIC 
TAPE 
HANDLER 


Designed specifically for digital recording, the Potter 
Model 902 Digital Magnetic Tape Handlers feature inter- 
mittent drive with start-stop time of 5 milliseconds. All 
models are dual speed, making it possible to record at one 
speed and play back at another. Tape speeds of 15, 30, 
and 60 inches per second and 2, 6, or 8 recording channels 
are available in the standard models. ¥ 

Other versions include different tape speeds, additional 
channels, and provision for photoelectrical reading of per- 
forated tape. All economically priced. 

For additional information on high-speed 
Digital Recording, write or call. 


, CO.) POTTER INSTRUMENT COMPANY, INC 
115 Cutter Mill Road - Great Neck, N. Y. 








Brew 
Delay Lines 


. . . for applications 
requiring exceptional 
characteristics 


Shown above is a Lumped Constar* Slay Line designed, 
manufactured, and delivered on schedule to a customer who 
came to us with the following requirements: delay 1.0 usec, 
reflections 50 db below peak signal, frequency response: 
from 0-4.5mc less than +0.1 db— from 4.5-10mc less than 
+6 db, attenuation less than 6 db, phasing +.01 usec 0-4.2 
mc, impedance 150 ohms, max. temp. 150° F., operating 
temperature 120° F., voltage 350 VDC +6 VPP video, source 
impedance 4 uu 1200 ohm, grid circuit termination 10 uu. 

The three main types of delay lines . . . Lumped Con- 
stant, Ultrasonic, Distributed Constant ... are available from 
Richard D. Brew and Co., and our special techniques and 
methods, plus rigid quality control measures assure you of the 
finest and most practicable delay lines to meet your needs. 
Major consideration is given to proper packaging as well as 
electrical specifications. 

Consult Richard D. Brew and Co. and you'll get enthusi- 
astic cooperation and help. 


Send for General Catalog 54 


, Inc. 


Concord, New Hampshire 
evelopment - manufacture 
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transistor and 


digital computer techniques 


DEVELOPMENT 


AUTOMATIC RADAR DATA PROCESSING, 


TRANSMISSION AND CORRELATION 


IN LARGE GROUND NETWORKS 


Engineers 


Physicists 


Digital computers 

similar to successful 

Hughes airborne fire control 
computers are being 

applied by the Ground Systems 
Department to the 

information processing and 
computing functions of 

large ground radar weapons 
control systems. 





The application of digital and 
transistor techniques to the prob- 
lems of large ground radar net- 
works has created new positions 
at all levels in the Ground Sys- 
tems Department. Engineers and 
physicists with experience in the 
fields listed, or with exceptional 
ability, are invited to consider 
joining us. 


TRANSISTOR CIRCUITS * DIGITAL COMPUTING NETS « 


MAGNETIC DRUM AND CORE MEMORY * LOGICAL DESIGN « 


PROGRAMMING * VERY HIGH POWER MODULATORS AND 


TRANSMITTERS ¢ INPUT AND OUTPUT DEVICES « 


SPECIAL DISPLAYS * MICROWAVE CIRCUITS 


Scientific and H U ¢ H F S 
Engineering Staff 


iRCH 


IND DEVELOPMEN 


LABOR 


TORIES 


Culver City, Los Angeles County, California 


204 CONTROL ENGINEERING 


ABSTRACTS 


head mounted on a rapidly rotating 
drum so that the head is in contact 
with the tape for a part of each revo- 
lution. Since the tape is held station- 
ary, the head reads exactly the same 
set of signals once each revolution, 
and the playback can be displayed 
continuously on an oscilloscope and 
observed as long as desired. 

Besides examining the playback sig- 
nals from a specific portion of the 
tape, the reader can scan and edit 
a complete tape, permitting an ob- 
server to locate any defective signals 
along the entire length of the recorded 
tape. 

At present, the primary purpose of 
the NBS reader is to detect faults in 
the tape surface. Very often tape 
faults, such as “holes” and raised 
spots in the magnetic surface or 
creases in the tape, can cause the loss 
of several pulses or the gain of a 
single a even though the fault“is 
invisible to the unaided eye. Conven- 
tional reading methods, in which the 
tape moves continuously past a sta- 
tionary head, are not suitable for 
locating errors. In investigating tape 
for faults it is desirable to read a small 
portion many times at a rapid rate 
and display a steady picture of the 
playback signals on an oscilloscope. 
The rotating head reader provides the 
method. 

The drum on which the reading 
head is mounted is 2 in. in diameter 
and rotates at 10 rps; thus its equiva- 
lent tape speed is 90 in. per sec. 
The reading head is mounted on one 
section and has a groove or track 
machined around it in which the 
tape or wire rides. 

A photocell is mounted on the 
panel beneath the drum. A small 
aperture in the drum wall permits 
focusing an externally mounted lamp 
on the photocell when the drum 1s 
in the proper position. 

Each time the hole in the drum 
wall passes the light source, the light 
strikes the photocell, causing a small 
output pulse. The pulse is applied to 
a cathode follower which triggers the 
oscilloscope sweep. The aperture is 
so positioned that the trigger pulse 
occurs just before the reading head 
makes contact with the tape and the 
oscilloscope sweep begins slightly be- 
fore the first pulse is sensed by the 
head. This timing system provides a 
steady picture of the repeated playback 
signals on the oscilloscope screen. 

Laboratory trials have proved the 
equipment useful in locating ta 
flaws and reading recorded pulses. The 
playback signal on the oscilloscope 
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AT BELL AIRCRAFT CORPORATION 


PROGRESS IN INERTIAL GUIDANCE 


REQUIRES EXPERIENCED ENGINEERS 


ELECTRONIC DEVELOPMENT ENGINEERS 
Design and development of electronic components such 
as precise integrators, accelerometers, computers, feed- 
back amplifiers, and instrument servos for use in iner- 
tial guidance. 

MAGNETIC AMPLIFIER SPECIALIST* 
Concentration on development of magnetic amplifier 
for specific purposes in inertial guidance. 

TRANSISTOR APPLICATION ENGINEER* 


Application of transistors in the development of spe- 





cial circuits for high performance components. 


DIGITAL COMPUTER DEVELOPMENT ENGINEER* 


Application of digital techniques to improve the per- 
formance of accelerometers, integrators and other com- 


puting elements. 


*These positions will be similar to the Electronic Devel- 
opment Engineer with specific duties as indicated. 


SERVO SYSTEM ENGINEER 





Analyze, design and develop complete systems for iner- 
tial guidance with the help of a team of specialists. 


SERVO VALVE DEVELOPMENT ENGINEERS 


Design and develop high performance servo valves for 


autopilots in special aircraft, helicopters and missiles. 


Send complete resume to: Manager Engineering Personnel 


D 
| D 
oStroraft CORPORATION 


Post Office Box 1 Buffalo 5,N.Y. 
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WHAT'S AHEAD: MEETINGS 


SEPTEMBER 


Production Engineering Show and 
Machine Tool Show, Navy Picr and 
International Amphitheater, Chi- 
cago, Ill. Sept. 6-16 


Instrument Society of America, 10th 
Annual Conference and Exhibit, 
Shrine Exposition Hall and Audi- 
torium, Los Angeles, Calif. 

Sept. 12-16 


Association for Computing Machin- 
ery, Annual Meeting, University of 
Pennsylvania, Philadelphia, Pa. 

Sept. 14-16 


Institute of Radio Engineers, Pro- 
fessional Group on Nuclear Science, 
Second National Annual Meeting, 
Oak Ridge, Tenn. Sept. 14-16 


International Analogy Computation 
Meeting, Brussels, Belgium. Write 
P. Germain, Universite Libre de 
Bruxelles,. So. av. Fr. Roosevelt, 
Brussels, Belgium. Sept. 27-Oct. 1 


American Institute of Electrical 
Engineers, Industrial Electronics 
Conference, Rackham Memorial 
Auditorium, Detroit, Mich. 

Sept. 28-29 


OCTOBER 


National Electronics Conference, 
Hotel Sherman, Chicago, Ill. 


Oct. 3-5 


American Institute of Electrical 
Engineers, Fall General Mecting, 
Morrison Hotel, Chicago, III. 

Oct. 3-7 


Scientific Apparatus Makers Associa- 
tion, Mid-year Meeting, Recorder- 
Controller Section, Seaview Coun- 
try Club, Absecon, N. J. 

Oct. 11-14 


Society of Automotive Engineers, 
Golden Anniversary Aeronautic 
Meeting, Aeronautic Production 
Forum and Aircraft Engineering 
Display, Hotel Statler, Los Angeles, 
Calif. Oct. 11-15 


American Standards Association and 
National Bureau of Standards, 
Sixth Annual Conference on Stand- 
ards (includes tour of National 
Bureau of Standards), Sheraton 
Park Hotel, Washington, D. C. 

Oct. 24-26 








To help you 
MOVE AHEAD 
in INDUSTRIAL 
L—___ELECTRONICS 


This library makes plain methods 
used by today’s electronics engineers 


Here’s a library that will help you prepare 
yourself for a top job in the booming indus- 
trial-electronics field! It gives you basic 
theory, practices, and methods that out- 
standing men in this work need and use 
every day! 

The experts who wrote these 4 books save 
you time and effort because they've worked 
out many of the fundamental problems 
you'll face in electronics work. They ex- 
plain electronic circuits and devices ei 
vacuum tubes ... the analyses and use of 
electron-tube circuits . . and provide a 
vast amount of other data on electronics 
equipment ! 


INDUSTRIAL ELECTRONICS 
ENGINEERING LIBRARY 


4 volumes, 1998 pages, 6 x 9, 1637 charts, 
diagrams, and illustrations 


$24.95—payable on easy terms 


In this library are the sort 
of practical facts that can 
help you step out in front 
of the “average” electronics 
man—they give the kind of 
help that could very well 
mean a top-paying job in 
electronics work. 

You get practical data on 
electronic instrumentation 
of both electrical and non- 
electrical quantities, and 
on electronic control and 
power. 

There is a wealth of 
facts on vacuum- 
tubes—-vital infor- 
mation on the phys- 
ical laws of their 
behavior and_ their 
individual operating 
characteristics. 





4 big volumes 


Cage's Tueory ann A”- 
PLICATION OF INDUSTRIAL 
ELECTRONICS 


You're shown how Harman's FUNDAMENTALS 
electron-tube circuits or Exectrronic Motion 
can go to work in a 
broad variety of 
operations, including ‘ 
radar, television, See'y’s Exvecrron-Tuse 
pulse communication, Cmcurrs 

and general elec- 
tronic control. 


Spangenberg’s Vacuum 
Tuses 








Moreover, you are shown the basic laws 
governing the motion of free electrons, and 
how they are applied in determining elec- 
tron motions. And all this is just a sample 
of the help you get! 


See these books before you buy! 
Just mail the coupon below and get the 
Library for 10 days free. After 10 days, if 
satisfied, start the small monthly payments 
and in a short time they'll be yours, right 
while you've been using them. If you de- 
cide you don’t want the Library, simply 
return the 4 books and the matter will be 
closed—at no obligation to yourself. 


10 DAYS’ FREE EXAMINATION 


McGRAW-HILL BOOK CO., Att: H. W. Buhrow 
industrial & Business Book Dept. 
327 West 4ist St., N. Y. C. 36 


Send me for 10 days’ examination the 
Industrial Electronics Engineering Li- 
brary. If satisfactory, I will send $4.95 
in 10 days and $4.00 monthly until the 
price of $24.95 is paid. If not wanted, 
I will return the books postpaid. 
(PRINT) 

Name 


Address 


Company 
Position 


For price and terms outside U. S., 
write McGraw-Hill Int’l., N.Y.C 


SO NER ARES LEELA 


CON-9 | 





with exclusive 


arc*to 


MOVEMENT 


With proper application this new 
Supergauge will last a lifetime! 
legend on dial gives complete 
description of gauge construc 
tion. Maintenance engineer can 
pick proper gauge from his stock 
Nylon-faced stainless steel seg- 
ment with stainless steel pinion 
and stainless bushed bearings 
give lifetime service! 


construction. 


ured ASQ cave 





MICROMETER ADJUSTABLE SELF-LOCKING POINTER 
Above features are also available in USG Solfrunt Gauges with solid front 


any Litadguaelers 


United States Gauge, Division of American Machine and Metals, inc., Sellersville, Penna. 


For your convenience 
MONO-UNIT CONSTRUCTION 
Permits easy removal of com- 
plete gauge assembly for in- 
spection and adjustment. 
ARC-LOC MOVEMENT Provides 
complete and rapid adjustment 
from rear without removal of dial 


for over 50 years 








When Timing Poses A Problem . 


FOR THE MILITARY 


FOR 
INDUSTRY 


The A. W. HAYDON co. 


Whether the problem involves a new Intervalometer for firing rockets 


from aircraft—a Time Delay Relay for controlling plate voltage to 


power tubes—a Timing Motor for use in Industry—or any precision 
Electro-Mechanical Timing Device— A. W. Haydon has compiled an 


unparalleled record of achievement. “Preferred Where Performance Is 


Paramount”! May we help you with your problem? 


The 


‘\. W-MAYDON 


COMPANY 


246 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Design ond Menufacture of Electre-Mechenical Timing Devices 


Write for catalog 
or detailed 
information. 
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CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 


SALES @ BUSINESS 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equip t advertising) 
$1.50 per line, minimum 3 lines. Position 
Wanted ads in this style, 42 the above 
rate. To figure advance payment count 
5 average words to a line. 


DISPLAYED RATE 
The advertising rate is $14.00 per inch 
for all advertising appearing on other 
than contract basis. Contract rates quoted 
on request. 
New advertisements received by Aug. 29th 
will appear in the Oct. issue. 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment 
opportunities — executive, management, technical, selling, 
office, skilled, manual, etc. 


NATIONAL 
COVERAGE 
CS 


DISPLAYED RATES 


The advertising rate is $14.00 per inch for 
all advertising appearing on other than a 
contract basis. Contract rates quoted on 
request. 

An advertising inch is measured %” ver 
tically on a column—3 columns—30 inches 


reamaete srl Selling Opportunities Offered 
ositions Wante ‘ 
Part Time Work Employment Agencies 
Civil Service Opportunities Employment Services 


Selling Opportunities Wanted Labor Bureaus 


UNDISPLAYED 


$1.50 per line, minimum 3 lines, To figure 
advance payment count 5 average words 
as a line. 

Box Numbers—counts as 1 line. 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 

Not subject to Agency Commission, 





to a page. 
Subject to Agency Commission 


Send NEW ADS to CONTROL ENGINEERING, 330 W. 42nd St., N. Y. 36, N. ¥., for 
October issue closing August 29th. 





A DEPARTMENT STORE 
FOR YOUR 
ELECTRONIC SUPPLIES 


| WE’RE SELLING YOU RELAYS — 

WHAT ARE YOUR OTHER NEEDS? 

Our normal Inventory Includes Over 

§ 80,000 Different Items in the Electronic, 
Radar and Radio Fields 


ALLIED @ LEACH @ TELEPHONE TYPE 
MINIATURE AIRCRAFT @ GUARDIAN 
SIGMA @ HERMETICALLY SEALED 


and many others 


STEPPING .<#*) 
SWITCHES “s: 


f * SEND FOR OUR LATEST BULLETINS 
: AND ADD YOUR NAME 

TO OUR MAILING LIST 
cable address: UNIGENCOR, N. Y. 


pn rea general corp. 





CI > 


Gunite 
Opportunities 
with 
Republic Aviation 





>y Vibration Engineer 

Two to five years aircraft vibration experience 
required. Shock and vibration theory and a prac- 
tical knowledge of electromechanical shaker ap- 
plication as used in experimental research testing 
of complete airframes for flutter analyses and 
component investigation essential. Familiarity with 
usage of accessory electronic instrumentation 
equpiment desired. Graduate with M.E. or AE. 
degree preferred. 





NEW ALL-EXPENSE-PAID RELOCATION PLAN 


For those living outside the New York City and Long Island area, Republic 
offers an unusual plan which relieves you of all financial worries. This plan 
offers these 6 no-cost-to-you benefits: Interview expenses paid for qualified 
candidates; Educational Refund Plan pays up to 2/3 of tuition and labora- 
tory fees; life, health and accident insurance—up to $20,000 company-paid 
plus hospital-surgical benefits for the whole family. And of course you'll live 
and work on fabulous Long Island, playground of the east coast. 











Please address complete resume, outlining 
details of your technical background, to: 
Assistant Chief Engineer 

Administration 


@& Mr. R. L. Bortner 


FIEPUBLIMe AVIATION 
FARMINGDALE, LONG ISLAND, NEW YORK 











eAt Your Service... 


The Control Transmitter Section is at 
your service to bring business needs or 
“opportunities” to the attention of men 
in executive, management, sales and 
responsible technical, engineering and 
operating capacities ‘with the industry 
served by this publication. 








NEED ENGINEERS? 


An employment advertisement in this EMPLOYMENT OPPORTUNITIES section will 
help you find the engineers you need. It’s an inexpensive, time saving method of 
selecting competent personnel for every engineering job in the control engineering 
field. The selective circulation of CONTROL ENGINEERING offers you an opportun- 
ity to choose the best qualified men available. 
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EMPLOYMENT OPPORTUNITIES 





ENGINEERS & PHYSICISTS 


ELECTRICAL ENGINEERS MECHANICAL ENGINEERS 


. . . Circuit designers to develop new circuit tech- . » . mechanism and electronic packaging design 


niques and/or apply them to advanced systems and development to meet Government and come 
development that will lead to product design. mercial customer acceptance. 


— See eee ee ee ee ee ee eee ee ee ee Re eee eee ee eee 


PHYSICISTS LOGICAL DESIGNERS; Senior 


I 
' “Seay ee : 
. . . Solid state components, with application § «~~ for system design involving inter-connection of 
directed tewerds dhovteenic devices. ; basic logical elements to effect arithmetic and log- 
; ical function of data processing equipment. 
ee 

se? 2 

~ THE ABOVE OPENINGS ee 
- — are in the fields of Communications, Data Handling, Electronic, os 
? Electro-Mechanical Business Machines . . . including such specifics as 
High Speed Mechanisms, Paper Handling Devices, Magnetic-Tape 
Transport Mechanisms, Magnetic-Drum or Tape Applications, Radar, 
. Telemetering, Guided Missiles, Process Control Instrumentation, Digi- 
bs tal and Analog Computers, Transistors and Magnetic Amplifiers, , i 


™s, Servo Mechanisms and Electronic Packaging Design. af 
_ oat 


s 
’ 
i 
3 
\ 


~ oN. 
IIT a ae oot 
SR we ee wee ee ce ee ee a 


Yes ee It Really Pays To Work Where The Best 
In Everything Is Available To YOU & YOUR FAMILY! 


HERE at Burroughs new Research Center, where In addition to OPPORTUNITY and RECOGNITION 
highly specialized commercial and government de- . . . Burroughs offers cooperative educational aid 
velopment work is in progress, ENGINEERS and . . . liberal pension plan and all the usual health 
PHYSICISTS who find a special interest in our cur- and hospitalization benefits for you and your fam- 
rent openings will discover the opportunity they ily . . . delightfully suburban community life for 
seek to exercise their keenest creative talents in the _ and gd children, only thirty minutes from 
field of data handling equipment as well as in the Pilladsiphie. 

equally challenging allied interests of electronics, 


Paid travel expenses for interview at our NEW 
automation and instrumentation. 


Research Center... moving and locating expenses, 


Write D. A. BOWDOIN, Personnel Section 


urroughs 


RESEARCH CENTER 
PAOLI, PA., ON PHILADELPHIA’S MAIN LINE 
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WANTED ... 
TOP FLIGHT 


INSTRUMENT SALES 


EXECUTIVE 


WITH A PROVEN RECORD 


OF ADMINISTRATIVE ABILITY 


e are a progressive industrial instrument manufacturer, inter- 

nationally known, and with an outstanding growth record. 
Recent releases of new products and attendant increased diversi- 
fication and complexity of operations require segregation of activ- 
ities into several autonomous divisions and make necessary the 
acquisition of a top-flight administrative executive with proven 
record as a manager of sales activities to have over-riding respon- 
sibilities involving all divisions. 


T he man we seek will have full charge of our field force, ap- 
plication engineers, advertising department and all other 
promotional activity. He must be ready to function as a member 


of the management committee and to take a place at the directors’ 
table, 


Guy will be no problem. We enjoy paying handsomely for 
results and the right man will recognize that results can be 
produced quickly which will put him in a position, in effect, to 
name his own figure. Of course the starting salary will be 
generous and ample, and will justify the relocation which may 
be necessary. Youthfullness is not a barrier if combined with 
personal maturity and with performance record: neither is age, 
if mental and physical vigor are unimpaired. An engineering 
degree comes close to being essential, and experience in the 
instrument or electronic field would certainly be desirable. How- 
ever, we are primarily seeking sales administration ability and 
will not quibble with other asvects of a man’s experience record 
if he has that ability. Our salesmen need the quidance to button 
up instrumentation projects which occasionally run to $300,000 
figures. At the same time they need to keep the little $100 Bread- 
and butter items coming in while the big contracts are being 
negotiated. 


O bviously we cannot afford to take any chances in selecting 
this man. Therefore we cannot consider “hopefuls’’—the rec- 
ord must be there and the candidate must be capable of coming to 
grips with our problems immediately upon joining us. Members 
of our organization know of this advertisement. Please write in 
fullest detail. 


P-7142 Control Engineering 
330 West 42 Street New York 36, N. Y. 








210 


CONTROL ENGINEERING 


A NOTE ABOUT 
ARTICLE REPRINTS 


DEAR SUBSCRIBER: 

Your request for article reprints 
has been gratifying because it helps 
us to know that what we print is on 
the beam. Still, it has created a 


| problem in handling. So we'd like to 


establish the following routine. 

1. One reprint of an article is free. 
But please limit requests for single 
copies of different articles to six. 

2. A charge of SIX CENTS PER 
PAGE will apply for requests of 
from two to 100 reprints of an article. 
This just covers our own costs for 
processing, sorting, and mailing. 
Multiplying six cents by the number 
of pages in the article by the number 
of copies you want gives you the 
price of your order. Some orders in 


| Category 2 will be filled by tear 


sheets, but most by black and white 
but quite serviceable Bruning fac- 
similes. 

3. If you order exceeds 100, you 
will be advised of several prices— 
each determined by the method of 
reproduction you choose. Some ar- 
ticles lend themselves to only one 
method, and therefore, one price. 

Sincerely yours, 


THE EDITORS 


ORDER FORM FOR REPRINTS* 


TO CONTROL ENGINEERING 
REPRINT SERVICE 
330 W. 42 St., N. Y. C. 
| have enclosed a check for —— 


to cover the cost of reprints of the 
following: 


Issue Page Quantity 
A 


ms. 
aA 
4 





EMPLOYMENT OPPORTUNITIES 





ENGINEERS and 
PHYSICISTS 


... Are invited to investigate the oppor- 
tunities created by the growth of our 
research and development program. 








S a member of our staff you will enjoy the advantages of out- 

standing personnel policies, job security, and an environment of 
@ progressive and creative nature . . . Broad coverage group insurance 
benefits are offered together with liberal vacation at ach leave 
policies . . . Facilities of an extensive technical library allow investiga- 
tion of the latest developments in many fields . . . Periodic wage reviews 
assure you of a salary commensurate with your contributions . . . You 
will be encouraged and given fnancial assistance in supplementing 
your formal education at the world-famous colleges and universities of 
the Greater Boston Area. 


We have openings for persons experienced in: 


© System Design e Magnetic Recording 
Logical Design ¢ Transformer Design 
Radar Circuits © Transistor Circuits 
Systems Testing ¢ Digital Systems Design 
Component Testing Magnetic Core Circuits 
General Circuity ¢ Digital Techniques Development 


We sincerely feel that your investigation of these openings 
will be worthwhile and assure you of our prompt reply to all 
inquiries. For further details please write to Personnel Admin- 
istrator. 











LABORATORY FOR ELECTRONICS, 


INC. 
75 PITTS ST. BOSTON 14, MASS. 





¥ 
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ENGINEERS, PHYSICINIS 
MATHEMATICIANS 
LINCOLN LABORATORY 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


DIGITAL COMPUTERS, 
RADARS, 
COMMUNICATION SYSTEMS 


Electronic Processing Systems to serve the 
needs of Air Defense and Military Combat In- 
formation Canters 


THIS BROAD PROBLEM INCLUDES: 


Microwave Circuits 
Systems Analysis 


Logical Design 
Computer Programming 
System Operation 
System Evaluation 
Pulse Circuits 


Background in engineering. or applied physics, or applied mathe- 
matics is applicable. Openings are available for experienced peo- 
ple who are creative and able to handle systems planning and 
analysis, and for less experienced people with the capacity to de- 
velop along these lines. Experience with the military services is 
useful. 


The use of digital computers to control physical systems is a new 
and expanding field which offers challenging work. Training in 
digital computers and their application as control elements is 
given by the Lincoln Laboratory, since few candidates initially 
have such experience. 


Qualified candidates with Bachelor's or advanced degrees are en- 
couraged to apply. 


These openings are for positions in Lexington, Mass., a suburban 
area, 15 miles from Boston. 


IF YOU ARE INTERESTED IN THIS FIELD 
Write or phone Personnel Department 


LINCOLN LABORATORY 


P. O. BOX 73 LEXINGTON 73, MASS. 





WHAT IS 
YOUR 
PROBLEM ? 


PERSONNEL? 


Do you need competent 
men for your staff? Do you 
need men to fill executive, 
sales or technical positions? 


EMPLOYMENT? 


Are you one of the readers 
of CONTROL ENGINEER- 
ING seeking employment 
in any of the above capac- 
ities? 


BUSINESS 
OPPORTUNITIES? 


Are you looking for or of- 
fering a business opportun- 
ity of special interest to 
men in the field served by 
this publication? 


EQUIPMENT? 


Do you need equipment— 
Used or Surplus new? Do 
you have any to offer? 


Read the “CONTROL TRANS- 
MITTER” section, and the 
“Employment Opportunities” 
Section found in every issue 
of CONTROL ENGINEERING, 
for the solution of these prob- 
lems. Or bring your prob- 
lem directly to the attention 
of other readers. You can get 
their attention— and action 
—at a relatively low cost by 
placing your ad in 


CONTROL 
ENGINEERING 


330 West 42nd St., N. Y. 36 
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ELECTRONICS ENGINEER OR 
PHYSICIST 


if you have experience or ability in design, con- 
struction and evaluation of high voltage, high fre- 
quency circuits, we have an exceptional opportunity 
in which you will be interested. Position requires 
applicant capable of designing circuits incorporat- 
ing transistors, magnetic amplifiers and _ semi- 
conductors. Write Director of Personnel, The 
Electric Auto-Lite Company, Toledo |, Ohio. 


INSTRUMENTATION ENGINEER 


Once in a lifetime opportunity for physicist or 
electronics engineer with ability to design, con- 
struct and install setups used to obtain data on 
engine ignition and performance. Setups will be 
diversified so that projects might require mechani- 
cal and electronic instrumentation as required to 
best obtain information. Also included will be 
design of auxiliary control circuits and writing of 
operation manual to be used by experimental de- 
partment personnel. Write Director of Personnel, 
The Electric Auto-Lite Company, Toledo |, Ohic 








MATHEMATICIANS if you are interested in guided missiles this book will interest you. 

lere is B the s 5 -te guides j yppor 3 i an > ssile 
ELECTRICAL ENGINEERS Geld yot gullihed. Un tals beak; sou wil Aad ont ouly 0 complete Satine of es 
MECHANICAL ENGINEERS objectives and accomplishments of the Bendix Guided Missile Section, but also a 


detailed background of the functions of the various engineering groups such as sys- 
| UNUSUAL oportunities and excellent work- tem analysis, guidance, telemetering, steering intelligence, component evaluation, 
ing conditions in New Modern Plant located missile testing, environmental testing, test equipment design, reliability, propulsion, 
on Boute 120 in Walther. and other important engineering operations. Send for your free copy today. 


TO WORK on systems, circuit, and equip- 


ment design. 


REQUIREMENTS. Broad engineering ex- 
perience in field of electronic and electro- 
mechanical instruments. B. S. Degree. 
BENEFIT by working and living in pleasant 
suburban surroundings. h ll . ——* oa 
challenging opportunities 
| “ 


Liberal Profit Sharing Plan 


Appointments made on Receipt of Resumes . a0 . . 
deon Receipt of Resumes | J) the newest and fastest growing 
VECTRON, ine, Swscvusn" |) © s) 


I branch of the aviation industry 











Engineers and Physicists | are now open! 


M.S. or Ph.D. 


grounding in fundamentals of both analytical and 
Senior engineers and physicists with excellent 


laboratory research and development are needed for Bendix job opportunities in guided missiles range from top senior engineers 


- activities in computers, automatic controls, and 
ae ene to assistant engineers, junior engineers, technicians, and a score of other 
Men with versatility and leadership ability will be 


offered the opportunity to develop research programs assignments. 
along the lines of their own experience and interest 


within the wide scope of activities possible in an in- Qualified men are given real job responsibility with Bendix and grow 
dependent organization. ~ ’ - 


Write with the development of what is not only the nation’s most important weapon 

S. 5. Keane, Physics Department system, but a project that will undoubtedly lead to new and important long- 
Southwest Resserch institute range commercial applications. 

8500 Culebra Road San Antonio, Texas And at Bendix you will be associated with top missile authorities and 

have at your command unexcelled engineering and manufacturing facilities. 

If you are interested in a future in guided missiles, the first step is to fill 


SALES ENGINEER out the coupon and mail it to us today. 
WANTED scdinasittitigenethiaibaginasiaieten 


Sales engineer, for sales and engineering ap- Missile Section, Employment 
plication, to handle a new line of industrial Department N 

electronic measuring and control instruments. Ss es 
Applicant to work from factory in New Eng- Bendix Products Division, 
land. Job involves travel, training field rep- Bendix Aviation Corporation Address 
resentatives and contacting major prospects. 401 North Bendix Drive, 
Experience in industrial instrumentation re- South Bend, indiana 
quired. Salary open and commensurate with ” 
experience. 














Name 


City 
Please send me a copy 

P-7344, Control Engineering of the book “Your Future State 
330 W. 42 St., New York 36, N. Y. in Guided Missiles.” 
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EMPLOYMENT OPPORTUNITIES 


LETS | PERSONNEL MANAGERS 
face tl... 
there are thousands of LOOKING FOR 


engineering positions ‘ENGINEERS... 
open today... buf — 
—_—- TECHNICIANS ? 


we CROSLEY _ 


SHOULD DIVISION (AEO) | z Write 


raey,’ PA ry 3 ANUFACTURING oa, 


CORPORATION 


\ J Le copy of 

















ei; a for free 


V New engineering groups being 
established offering unusual oppor-— 


tunities NOW... “on the ground | 
floor.” | “‘RESERVOIR 


V Greater advancement opportunities OF ENGINEERS AND 
assured by the continued expansion of this) TECHNICAL MEN’’ 


young, vibrant engineering organization. | 


ten engineers and technicians you 
PRESENT CROSLEY ENGINEERING GROWTH IN PERSONNEL | ~ Want to reach are gathered in con- 


| venient, compact groups—as this 12- 
REQUIREMENTS * ULE LL page booklet points out. 
Electronics and Mechan- annie 


ical Engineers,Physicists It keys the job titles these men hold 
and Mathematicians: wane | to the McGraw-Hill publications they 
@ Advanced Research | read for on-the-job information. It ex- 
eR ch . : 
os Seetest wht asounen | plains how you can make contact... 


@ Advanced Design EXPANSION | channel, concentrate your employment 
® Senior Design ¥ 

® Design 
@ Junior 


| advertising to just the men with the 


~---1950 1951 1952 1953 1954 1955 1956 1957---- | job qualifications you want. 


SOME OF THE FIELDS OF INTEREST TO CROSLEY: 
Radar — Servo-mechanisms — Fire Control — Digital Circuitry 


— Navigation — Communications — Countermeasures — Missile Write for your free copy to 
Guidance — Microwave Design— Telemetry 


SUBSTANTIAL BENEFITS AVAILABLE TO YOU: 


Excellent salaries, fully equipped modern laboratories, paid CONTROL 
vacations and holidays, subsidized university educational pro- 
gram, group insurance program for you and your family, retire- 


ment plan and adequate housing in desirable residential areas. ENGINEERING 


Investigate these opportuniti | ais 
tet pone to: — Classified Advertising Division 
’ DIRECTOR OF ENGINEERING | 930 W. 42nd St. N. Y. 36, N. Y. 


Government Products — Crosley Division, | 
*U. S. Citizenship required AVCO Manufacturing Corporation 
Cincinnati 15, Ohio 
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ENGINEERS 


LONG-RANGE, 
CONTINUING 
OPPORTUNITY 


FOR 


ELECTRICAL 
AND 
MECHANICAL 


ENGINEERS 


by. 


OPENINGS EXIST FOR... 


LIQUID PROPELLANT 
ROCKET CONTROLS 
ENGINEER 


Mechanical or electrical engineer to su- 
pervise the research and development of 
liquid propellant rocket controls, systems 
design, component design, development 
and testing. 


CONTROL ENGINEER 


Requiring an engineering degree in electri- 
cal engineering or math and physics, plus 
at least three years of experience in de- 
sign analysis of feedback control systems. 
Should be familiar with frequency re- 
sponse methods as applied to feedback 
control synthesis. Anal computer and 
simulator experience highly desirable. Ac- 
tivity is in the field of aircraft and missile 
power plant controls including gas turbine, 
ram jet, and rocket types. Controls are 
largely hydro-mechanical. The fuel me- 
tering research facility includes an ana- 
log computer and jet engine simulators. 


MAGNETIC AMPLIFIER 
SYSTEMS ENGINEER 


Electrical engineer supervisory capacity 
h and d 1 t of ti 




















on rf cev dS 3 
amplifier circuitry, control systems, and 
component design and testing, supervising 
other engineers and technicians. 


The salary of these positions 
will be determined by your 
ability and experience. 

Send detailed resume listing education, 


engineering experience, and salary re- 
quirement to: 


Technical Employment Department S.B. 


Bendix Products Division of 
Bendix Aviation Corporation 
401 North Bendix Drive 
South Bend 20, Indiana 


We guarantee you an immediate reply 








UNIVAC 


The FIRST Name 


In Complete Electronic Computing Systems 


As the UNIVAC takes its place in more and more 
industries, the REMINGTON RAND DIVISION has 
greatly expanded its research and development 
work in order to continue its leadership in electronic 
computing equipment. 


There are many positions recently opened at all 
levels in all phases of research, design, develop- 
ment and application of computing and allied 
equipment. Even though your training and experi- 
ence may not be connected with computers, we are 
willing in many cases to provide the necessary train- 
ing. Individual cases can be evaluated during 
interview. 


System Studies Input-Output Devices 
Logical Design Product Design 

New Components Test Equipment 
Solid State Physics Design 
Semi-conductors * Computer Develop- 


' ment and Design 
Magnetic Materials High Speed Electro- 


Storage Techniques Mechanical Devices 


Circuit Design System Test and 
Pulse Techniques Maintenance 


The rapidly expanding engineering program has created many permanent po- 
sitions paying excellent salaries. These positions offer personal challenge as 
well as outstanding opportunities for professional development. The possibil- 
ities for graduate study in this area are excellent and the company has a 
liberal plan for reimbursement of tuition expenses. Other company benefits 
include retirement and group insurance. 


Replies Kept Strictly Confidential 
FOR INTERVIEW, WRITE 10 


Remington. Fland 


Division of 


SPERRY RAND CORPORATION 


2300 West Allegheny Ave. Philadelphia 29, Pa. 
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ra e1tS wolse Lay 


in these specialized 


MISSILES 


Research, systems analysis, development, and de- 
sign in guidance and control systems, systems 
component equipment, and systems operational 
test equipment. 


TEST EQUIPMENT 


Research, development, and design in Guided 
Missile operational test equip t syst and 
syst P t equipment. 


MICROWAVES 


Systems analysis, development, and design in 
microwave circuitry and components for missile 
guidance systems, radar systems, and systems 
test equipment. 








, ae 








fields 
RADAR 


Study, analysis, development, and design in highly 
advanced radar techniques, and electronic counter- 
measures. 


ANTENNAS 


Research, development, and design of airborne 
antennas in low-frequency, UHF, and microwave 


regi for iles, radar, and count es 
equipment. 


PACKAGING 


Encapsulation and subminiaturization design for 
reliability and produceability in missile guidance 
and control equipment systems, airborne radar 
systems, operational systems test equipment, 
closed-loop TV systems, etc. 


oy eric 








Career-minded men with several years specialized experience, and preferably with advanced 
degrees, are invited to join our rapidly expanding programs in industrial and military electronics. 


FARNSWORTH ELECTRONICS CO., 





Fort: Wayne, Indiana 


A division of International Telephone and Telegraph Corp. 
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UNUSUAL CREATIVE FREEDOM 








ENGINEERS 


wae NAP Vile), 613): — 
ARCH Development 

at LA B '@) w ATO oa | if S D AY, The importance of small jet engines is 
° increasing rapidly. This is an excellent 
opportunity to join a leader in this 
field. Your assignment: create, develop 
and test engine controls and accessor- 
ies of new and improved designs, 
capable of fully exploiting basic en- 
© The center of advanced COMPUTER ENGINEERS A re 
development activities for the Development of special purpose po ge Ee 


Bendix Aviation Corporation 
offering excellent opportunities 
in design, research and devel- 
opment. 


SYSTEMS ENGINEERS 

To coordinate and supervise a 
group of engineers and mathemati- 
cians in systems analysis and design. 


MATHEMATICIANS 

Evaluation of servo control and 
guidance systems and components of 
a system Analysis of systems and 
applications. 
MACHINE DESIGNERS 

Design of automatic machine tools, 
machine tool hydraulic servos, and 
digitally controlled tools. 
CONTROLS ENGINEERS 

Analyse and synthesize control 


system and design, develop and 
package such systems. 


CONTROL 


ENGINEERING 


digital and analog computers for 
process and business applications. 


MICROWAVE SPECIALISTS 
Research and development in ad- 
vanced microwave techniques. 


MECHANICAL ENGINEERS 

Develop mechanical and hydraulic 
components for servo controls. Sys- 
tems engineering and dynamic analy- 
sis of numerically controlled machine 
tools. 


© Staff will participate in the initial 
exploration of new fields and the 
development of new commercial 


products. 


All replies confidential — 
send brief resume to: 
DIRECTOR OF PERSONNEL 
BENDIX AVIATION CORPORATION 
RESEARCH LABORATORIES DIVISION 
4855 Fourth Avenue ¢ Detroit 1, Mich. 
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analysis, and general engine control 
evaluation. Controls are largely pneu 
matic and hydrauiic, including tem 
perature sensing, feed back sensing, 
system stability and involves use of 
analog computer. 

Send Complete Resume to 

MR. DAVID B. PRICE 
SMALL AIRCRAFT ENGLNE DEPT 


GENERAL @ ELECTRIC 


1000 WESTERN AVENUE 
WEST LYNN, MASS. 
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New Advertisements 


received by August 29th will appear 
in the October issue subject to limitation 
of space available. Address copy to 
the 


CONTROL ENGINEERING 
Classified Advertising Division 


330 W. 42nd St., New York 36, N. Y. 




















To 
EMPLOYERS 


who advertise 
for MEN: 


When there are many appli- 
cants for a single position it fre- 
quently happens that the only 
letters acknowledged are those 
of the most promising candi- 
dates. Others may not receive 
any indication that their letters 
have even been received by a 
prospective employer much 
less given consideration. These 
men often become discour- 
aged, will not respond to fu- 
ture advertisements, and some- 
times question their bona fide 
character. 


Every advertisement printed 
in the Employment Opportun- 
ities Section is duly authorized. 


It will help to keep our read- 
ers interested in this advertis- 
ing if you will acknowledge 
every application received, 
even if you merely return the 
letters of unsuccessful appli- 
cants with, “Position filled, 
thank you” written or stamped 
on them. If you don't care to 
reveal your identity, mail them 
in plain envelopes. 


We suggest this in a spirit 
of cooperation between em- 
ployers and the men replying 
to positions Vacant advertise- 
ments. 


* 


“Put yourself in the 
other fellow’s place” 


* 
Classified Advertising Division 


McGraw-Hill Publishing Co., Inc. 


EMPLOYMENT OPPORTUNITIES 











violin music 


The demand exceeds the supply. It’s that simple! 
With 3 engineering jobs available for every 2 en- 
gineers, some 5,000 companies are bidding for you 
with offers, inducements and background music. But 
don’t be mistaken! Most of today’s “opportunities” 
are jobs, not futures. 
| We, too, want engineers. But we’re offering no 
violin music—only the opportunity for intelligent and 
careful evaluation—you of us and we of you—with the 
possibility of your joining one of the finest team 
operations in the whole new world of flight systems 
development. 

Most of the people on that team are young, and 
moving ahead fast. They weren’t lured here. They 
found out—and figured out—for themselves. We hope 
you'll do that too. 

Write to J. M. Hollyday, Dept. C-9, The Glenn L. 
Martin Company, Baltimore 3, Maryland. 


MVESA FET Pe 














BALTIMORE: MARYLAND 
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EMPLOYMENT OPPORTUNITIES 











ENGINEERS 
DESIGNERS-DRAFTSMEN 


Electronic 






Mechanical 





Keep Your 
Eye 
on the 





Ball 
In your career, as in successful baseball, golf or tennis, 
it pays to keep your eye on the ball. Keep your eye on 
the advantages only a young, yet securely established 
company can offer. Melpar is young enough to welcome 
new ideas, to recognize and award achievement, yet big 
enough to offer stability and growth to those who look 
to the future. 

Superb new laboratory facilities just completed this 
year; an engineering staff of the highest calibre; long- 
range military and industrial research programs; and an 
ideal family environment in pleasant Fairfax County in 
northern Virginia . . . these are just some of the many 
benefits you'll find as a member of the Melpar staff. 

Keep your eye on a career with Melpar, leader in 
electronic research and development. 


For personal interview send resume to 
Technical Personnel Representative, 


(M) melpar, inc. 


Subsidiary of Westinghouse Air Broke Co. 
3000 Arlington Bivd., Dept CE-13 








* Network Theory 

© Systems Evaluation 

* Automation 

* Microwave Technique 


© UHF, VHF or SHF 
Receivers 


* Analog Computers 

* Digital Computers 

* Magnetic Tape 
Handling Equipment 

* Radar & Countermeasures 

* Packaging Electronic 
Equipment 

* Pulse Circuitry 

* Microwave Filters 

* Flight Simulators 

* Servomechanisms 

* Subminiaturization 

* Electro-Mechanical 
Design 

* Quality Control & 
Test Engineers 


Falls Church, Virginia or 11 Galen St., Watertown, Mass. 

















CONTROL ENGINEERS 





Doelcam offers a substantial and 





growing future. If your background 
relates to the development, design or 





production of high precision control 





devices, you can improve your Curve 
of Opportunity by joining our Engi- 





neering Staff. Experience in the fields 


of miniature rotating equipment 





(gyros, synchros, servo motors ), elec- 








tronic control circuits for military or 





industrial application or servomech- 





anisms is required. 











rt 





Your inquiry or resume is invited. 

















EMPLOYMENT 
PROBLEM? 


When you are in need of 
specialized men for spec- 
ialized jobs, contact them 
through an employment 
ad in a McGraw-Hill Pub- 
lication. 


Management, Engineering, Produc- 
tion, Maintenance, Selling . . . these 
represent broadly the principal func- 
tions in business and industry. And it 
is principally to the men and execu- 
tives who fill key jobs in these im- 
portant divisions that McGraw-Hill 
publications are directed. 


McGraw-Hill Domestic 
Publications 


AMERICAN MACHINIST 
AVIATION WEEK 

BUS TRANSPORTATION 
BUSINESS WEEK 
CHEMICAL ENGINEERING 
CHEMICAL WEEK 

COAL AGE 

CONTROL ENGINEERING 


CONSTRUCTION METHODS AND 
EQUIPMENT 


ELECTRICAL CONSTRUCTION AND 
MAINTENANCE 


ELECTRICAL MERCHANDISING 
ELECTRICAL WHOLESALING 
ELECTRICAL WORLD 
ELECTRONICS 


ENGINEERING AND MINING JOUR- 
NAL 


ENGINEERING NEWS-RECORD 


FACTORY MANAGEMENT AND 
MAINTENANCE 


FLEET OWNER 

FOOD ENGINEERING 
NATIONAL PETROLEUM NEWS 
NUCLEONICS 

PETROLEUM PROCESSING 
PETROLEUM WEEK 

POWER 

PRODUCT ENGINEERING 
TEXTILE WORLD 


THE MEN YOU NEED ARE 
THE MEN WHO READ THE 





Write to Mr. C. F. Taylor, Personnel Manager. 


“Doelcam_ 


SOLDIERS FIELD ROAD, BOSTON 35, MASS. 





McGRAW-HILL PUBLICATIONS 


330 West 42nd St., 





A DIVISION OF MINNEAPOLIS-HONEYWELL 























Instruments for Measurement and Control “| New York 36, N. Y. 
| Synchros * Gyros * Amplifiers * Microsyns * Servo Motors 
l l L l i | l l l 
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PHYSICISTS AND ENGINEERS 


for research and development 


We are interested in intelligent men 


When we find them, we offer them mature responsi- 
bilities and a broad scope for their abilities in the 
company of other able men. We offer an opportunity, 
a challenge and a future. 

We want five experienced physicists and engineers 
for research and development work in the fields 
of infrared analytical equipment for laboratory and 
process plant, low signal level electronic circuitry, 
electro-mechanical devices and analytical instruments 
for medical use. 

We design and manufacture a variety of highly 
complex instruments and devices employing fine 
optical, electronic and mechanical skills — such as 
spectrophotometers and process stream analyzers. 

We also have designed most of the large aerial 
photographic objectives in use today. Our bombsights 
fly in today’s jet bombers; our reactor periscopes 

sail on the Nautilus. We have designed complete 
computer systems for fire control and bomb direction, 
Our analytical instruments serve the laboratories 

of industry and the universities the world over. 


If you are interested in becoming associated 
with Perkin-Elmer, please submit a detailed resume 


of your qualifications to the Personnel Manager. 


THE PERKIN-ELMER CORPORATION 
NORWALK, CONNECTICUT 





TRANS-SONICS, INC. 
MICROWAVE development an an “empl, 
ENGINEER bom ctectronic equipment. 
For leadership and planning of de- 
PROJECT suet oe ous, & 
ENGINEER itstict cxsrence cesta.” 


These are senior positions which require r ible and professi lly competent indi- 


bd 


viduals. Trans-Sonics, Inc. is continuing its expansion program with a new suburban 
laboratory northwest of Boston in an area of desirable residential and industrial com- 


— PLEASE CONTACT: 
ALBERT SACK, TRANS-SONICS, INC., BEDFORD, MASS. CRESTVIEW 4-6600 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 











PROFESSIONAL SERVICES 


@ Research @ Instrumentation 
@ Testing @ Control Systems 
@ Management @ Design 
@ Economic Studies @ Patents 








JOSEPH C. ADAMS 
CONSULTING ENGINEER 


Electrical & Mechanica! 
Design & Development 
Cybernetic Control 
Processes & Systems 


178 Hicks Street, Brooklyn, New York 








Consulting Engineer 
ELECTROCHEMICAL CHEMICAL 
ELECTRONIC ELECTRICAL 
Management ¢ Administration ¢ Product Design 
Process Engineering ¢ Quality Control ¢ Materials 

Specifications 
Statler Bldg HU 2-1092 Boston 16, Mass 








CONTROL SPECIALISTS INC. 


4nalysis - Design - Prototype Development 
Automatic Control Systems and Components for Air 
craft, Guided Missile and Industrial Applications 
Electronic, Electro-mechanical and Hydraulic Sub 


system Design—-Dynamiec Simulation 
115 E Arbor Vitae Inglewood 1, Calif 
ORchard 2-4819 ORegon 8-4688 








GROVAR, INC. 
Research and Development 


Extensive analog computer facilities utilized for 
process simulation and analysis of control systems 
and components Pursuant design and constru 
tion of components. 


1027 20th St. N.W Washington 6, D. ¢ 








HANSON-GORRIL-BRIAN INC. 


Specialized Control System 
ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 


One Continental Hill Glen Cove, N. ¥ 
Glen Cove 4-7300 








H. E. SOSTMAN AND CO. 
Electro-Mechanical Instruments 


Transducers and Controls 
for pressure-derived variabies 
(pressure, altitude, airspeed, flow, etc.) 
40 East Webster Avenue Roselle Park, N. J 


CHestnut 1-1237 











W. L. SPIELMAN & ASSOCIATES 


Consulting Bngineers 
ELECTRICAL—MECHANICAL—ELECTRONIC 
Design— Development—F abrication—Test 
Control Panels, Instrumentation, Annunciator System 
Product Assemblies 
4025 Easton Av JE 1-8719 St. Louis 13, Mo 








YOUR ORGANIZATION 


Is it complete? 
Are you expanding it? 
Making Relacements? 


Naturally, you are anxious to secure the most suitable man or men available. You 
want men with the special training that will make them an asset to your organiza- 
tion. You can contact such men through an advertisement in the Employment 
Opportunities Section of CONTROL ENGINEERING. 
Classified Advertising Division 
CONTROL ENGINEERING 


330 W. 42ND ST. NEW YORK 36, N. Y. 





SVERDRUP & PARCEL, INC. 


Consulting Engineers 
Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 


and instrumentation for atomic energy . . chem 
ical plants . . petroleum refineries steel 
plants... . test facilities... . and other process 
industries 

915 Olive Street St. Louis 1, Missouri 














WALSH ENGINEERING CO. 


Design and Prototypes 

of Electronic Apparatus 
in which Transformers and Magnetic Components 
are especially important factors im Performance, 
Size, Weight and/or Cost 


34 DeHart Place Eizabeth, N. J. 
ELizabeth 2-7600 
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For 
after 
Shutdown 
| protection... 








TIME DELAY RELAY 


Allows operation of auxiliary protective devices* after operating cycle 
is stopped. Easily installed in any electrical line. 


The AGASTAT is — 


¢ light, versatile, dependable. 
instantaneous recycling. 


unaffected by voltage variations. 


adjustable in timing from 0.1 second to more than 10 minutes. 
available in models that offer delays on energizing and de- 
energizing, two step delays, manually-actuated time delay 
switch, remote push button control. 
*WRITE for new 4-page application folder describing how one large 
company solved its after-operating problem. Address Dept. A21-920. 


DIVISION 


Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 





ELECTRONIC & NGI im EERS MECHANICAL 


opportunities better than ever at 


Flemington. Fland 


Advancement . 
ERA plans to triple its staff. 


Good Pay from the Start 
Highest salary offer compatible 
with your job qualifications. 


Good Living 

Own a home or rent close to 
work and shopping—on the out - 
skirts of a city with outstand- 
ing cultural and educational 
activities—in a vacation land 
of 10,000 lakes. 


SPERRY RAND o> 


ENGINEERING isearc Associates DIV 


af The ERA Division | 


Is a leader in developing 
Electronic Digital Computers, 
Automatic Data-Handling and 
Control Systems, Mechanisms, 
and Weapons. 


Everything you want in a job 


Stimulating Work Most of our engineers are 
having the time of their lives doing creative re- 
search and development on important new appli- 
cations in mechanical and electronic engineering. 
Men work as project teams, and each man learns 
all aspects of his project. Pulse circuits, magnetic 
cores, transistors, printed wiring, miniaturization, 
and precise mechanisms are used in designing 
computers, automatic data-handling and control 
systems, mechanisms, and special weapons. 
Other excellent engineering jobs are available in 
production, testing, specifications, quality con- 
trol, contract administration, and technical 
writing. ae 
Send an outline of your training 
and experience to Dept. Al: 


1902 W. Minnehaha Avenue 
Saint Paul W4, Minnesota 
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Advertising In This Issue 


A 


AC Spark Plug Div. 
General Motors Corp 
Adams & Westlake Co., The 
AGA Div. Elastic Stop Nut Corp. 
of America 
Aircraft-Marine Products, Inc.... 
American Time Products, Inc.... 


Assembly Products, Inc 

Atomic Instrument Co 

Automatic Temperature Control 
ne te Rah ne ania 64.50.4409 

Avion Instrument Corp 


Bailey Meter Co 

Barber-Colman Co. 

Bell Aircraft Corp 

Bendix Aviation Corp. 
a 

Benson-Lehner Corp............. 

B-I-F Industries, Inc 

Borg Corp., The George W 

Bourns Laboratories 

Bowmar Instrument Corp........ 

Brew & Co., Inc., Richard D.... 

Bristol Co., The ; 

Builders-Providence Inc. ... 


Cc 


CDC Control Services Inc... 
Cannon Electric Co 
Cinema Engineering Co 
Clifford Manufacturing Co.... .34, 
Clifton Precision Prod. Co., Inc.. 
Comar Electric Co 
Computer Instruments Corp 
Conoflow Corporation 
Consolidated Engineering 

Corp. 
Control Products, Inc 


Dahl Co., George W 

Daystrom Instrument ...... 

Daytronic Corporation .... 

DeJur-Amsco Corp. ............. 

Detectron Computer-Measurement 
GRRE ERS Py: Se ee 

Detroit Coil Co 

Diehl Manufacturing Co 

DuMont Laboratories, Inc., Allen 


Eagle Signal Corp 

Eastern Air Devices, Inc.... 
Ebert Electronics Corp 
Edison, Inc., Thomas A 
Electric Regulator Corp 
ElectroData Corp. ....... , 
Electro Instruments Corp.. . 
Electro Products Labs.... 
ae Net aaa 


F 


Fairchild Camera & Instrument 


Corp. 
Federal Telephone & Radio Co... 
Fischer & Porter Co. 

24, Fourth Cover 

Ford Instrument Co., Div. of 

Sperry Rand Corp 
Foxboro Co., The 
Fusite Corp., The 





A SIX-TANK PORTABLE 
EXPLOSION PROOF UNIT 


TESTING FUEL : | OURNS: 


G-M Laboratories, Inc 
General Controls 
CONTROLS OF General Mills, Inc : PRECISION | 
— sar rage my POTENTIOMETER 
Goodyear Aircraft Corp i 
Guardian Electric Mfg. Co INSTRUMENTS “| 
H for AIRCRAFT and, 
Hammarlund Mfg. Co., Inc. GENERAL INDUSTR' 
{ 





Haydon Co., The A. W... ? 


Haydu Brothers, Inc \ PRECISION ENGINEERED 


FOR DEPENDABLE 
PERFORMANCE 


Hays Corporation, The... 
Hughes Research & ena 
Labs. ; . 


ONE 

OF 

SIX 

UNITS DESIGNED & BUILT FOR 


GREER HYDRAULICS INC. 


@ Completely explosion proof. No elec- 
tricity used. Cooling by dry ice, heat- 
ing by steam (mechanical if required). 
Temperature range: —85°F; —40°F; 
—10°F; +20°F; +164°F; +200°F. 
Each tank capable of controlling tem- 
perature within a 60°F range. 
Pneumatic control system capable of 
controlling temperature in baths to 
+1°F or better. 

All circulating pumps and agitators 
driven by air motors. 

Compact, portable unit; overall ex- 
terior dimensions only 36” x 34” x 
48" high to table top. Tank dimen- 
sions 5 x 7" x 12” deep. 


Built and designed by experts in all 
types of environmental test equipment, 
International Radiant Corp., the above 
testing unit is solving the testing problems 
of the Greer Hydraulics Corp. IRC has the 
engineers and facilities to solve any prob- 
lem in Environmental Testing — Altitude — 
Vacuum — Sand and Dust — Salt Spray — 
Fungus — Humidity — ‘Hot and Cold’ — 
Mobile Refrigeration — in any combina- 
tion or combinations to suit your needs 
The above illustrated unit is only one of the 
very many IRC units being used through- 
out Industry. 

Our Engineering staff will be happy to 
discuss and quote on your Testing require- 
ments at no obligation to you. We also 
have Representatives in leading cities. 


WRITE FOR OUR 
NEW 1955@@@@@ 
CATALOG 


INTERNATIONAL RADIANT CORP. 


MEMBERS ENVIRONMENTAL EQUIPMENT INSTITUTE 


4 MANHASSET AVENUE, PORT WASHINGTON, NEW YORK 


Indiana Steel Products Co., 
International Radiant Corp 


J 
Jerguson Gage & Valve Co... 


K 


Kearfott Co., Inc. 
Kellogg Swithboard & Supply 
Co. 


Kemp Mfg. Co., The C. M 
Kepco Laboratories 
Kollsman Instrument Corp 


L 


Lapp Insulator Co., Inc 

Leetronics Div., Lee 
Inc. 

Leslie Co. .. 

Libeascope, Inc. ........ Second Cover 

Lovejoy Flexible Coupling Co 


Spring Co., 


M 


Magnetic Amplifiers, Inc 
Manning, Maxwell & Moore, Inc.. 


Master Electric Co., The 
McGraw-Hill Book Co 


N 


North American Instruments, Inc. 
North Electric Mfg. Co., The.. 


°o 


Oerlikon Tool & Arms Corp. of 
America ... 


PM Industries, Inc.... 

Panellit, Inc. 

Pegasus Laboratories, Inc 

Philbrick Researches, Inc., 
George A. .. 

Photoswitch Div. Electronics Corp. 
of America 

Polytechnic Research & Develop- 
ment Co. Inc 

Post Machinery Co., 
Products Div. 

Potter Instrument Co., Inc 


Electronic 


Continued on page 222) 


~~ 








Bourns instruments featuré 
the finest design and 
workmanship in wire- 
wound potentiometry. 

Their precise electrical 
signals, requiring no 
amplification, are used in 
control systems, 
telemetering networks and 
recording circuits. Rugged 
construction guarantees 
accurate and dependable 
performance during the 
severe shock, vibration and | 
acceleration conditions | 
encountered in aircraft and | 
industrial applications. ' 


Physical variables such as 
linear displacement, 
acceleration and pressure 
are measured to an 
accuracy of 0.25% of 
instrument range. Single or 
dual potentiometers and 
linear or functional outputs 
are a few of the many 
characteristics that can be | 
provided. Besides the 
hundreds of standard 
models and ranges 
available, special designs 
may be developed for 
individual requirements. 


Bourns TRTMPoTS —the 
ultimate in sub- 
miniaturization —are used 
for circuit trimming in 
miniaturized assemblies 
subjected to extreme 
environmental conditions. 


Bourns many years of 
experience in specialized 
potentiometer instrumen- 
tation, plus modern produc- 
tion facilities, assure you 

of the highest quality 
instruments attainable. 











Bourns 


LABORATORIES 
6135 Magnolia Avenue 
Riverside, California 


Technical Bulletins on aap ay 


8... PATENTS PENOING TRADE ween 
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PRODUCTION 
ENGINEERING 
SHOW 


SEPT. 6-17 BOOTH 157 


LEETROWN 


30 Main Street 
Brooklyn, N.Y. 


DIVISION OF 
LEE SPRING 
COMPANY, INC. 
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Advertising In This Issue 
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Electron Tubes D 
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Reeves Pulley Co 
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Sanders Associates, Inc 

Servo Corp. of America 

Servomechanisms, Inc. ........... 

Servospeed Div. of Electro De- 
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Sigma Instruments, Inc... 

Sola Electric Co 
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Statham Laboratories 

Superior Electric Co., 
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Taller & Cooper, Inc 
Taylor Instrument Companies. . 
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Technitrol Engineering Co 
Technology Instrument Corp. 

Third Cover 
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Thermo Electric Co., Inc 
Thermo Electric Mfg. Co 
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U. S. Electrical Motors, Inc 
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Vapor Recovery Systems Co 
Victor Equipment Co 
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Waterman Products Co 
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GAP/R 


Operational Amplifier 


1ZQOW 


his universal building- 

block is unrivalled for 
Analog Computing. Our 
price of twenty dollars is the 
result of volume production. 
Features balanced inputs, 
wide band, high gain, plus 
maximum efficiency. 

Write for literature on 
companion plug-ins for DC 
stabilization; and for ex- 
tended ranges of voltage and 
power. 

Immediate shipment, 


postpaid in U.S.A, 


George A. Philbrick ‘Researches, Inc. 


240 Congress Street, Boston 10, Massachusetts 


Electrical Indicating 


Panel Meters and Pyrometers 


Model 261 
shown, 
Price $11.50 
White-face, 
Black-face, or 
Colored Dials. 
Can be cali- 
brated in any 
units: (Amps, 
KV, FPM, 
Angstrom Units) 
Pyrometers are medium resistance (4 ohms per 
millivolt). Accuracy 2%. Automatic, bimetal cold 
junction correction. Compensated for copper 
error. (Ranges from —400 to +3000°F.) 
Large dial area—clearly visible. Less waste 
panel space. Easily lighted transparent plastic 
front and case. Anti-static treated. Tubing pointer 
normally supplied. Knife-edge and other types 
available. D’Arsonval movement in Alnico per- 
manent magnet. Snap-fit construction, virtually 
dust-tight case. AC meters are rectifier type. 
Model 451 is 42”; Model 351 is 3%”; Model 
261 is 2%”. Meters with Zero Right, Zero Center 
or up to two-thirds of 
range suppressed can be 
supplied. AC and DC 
in multiple ranges. Meter 
ranges: DC or AC 0/20 
Microamps to 0/50 
Amps. 0/5 Millivolts to 
0/500 Volts. (Minimum 
AC Range 0/250 Milli- 
volts). Panel meters and pyrometers with black 
Bakelite cases also available. Model 301 shown. 
Write for Bulletin G-9 Assembly Products, Inc., 
Chesterland 22, Ohio. Phone: (Cleveland, O.) 
HAmilton 3-4436. 


| Booth A 150, Instrument Show, Sept. 12-16, LA. 





Serves the Nation’s Control and Meas 
urement Industries from Atlantic to 


Pacific through production, engineering 
and sales facilities on both coasts and 
through expanded research and devel 
opment laboratories 


TIC will continue to bring to the in 
strument field progressive design in 
components and instruments that will 
meet the challenge of the world-wide 
electronic market 


Implements for Control and Measure 
ment Instrumentation range from min 
iature precision potentiometers to com- 
plex electrical measuring systems 


Linear and non linear, single 
and multiturn, Precision Poten- 
tiometers . . . miniature preci- 
sion trimmer,& high temperature. 
Translatory and Dielectric Po- 
tentiometers . . . Pressure 
Transducers, Phase standards, 
Phase meters, Z-Angle & 
Meters, Oscillators, Amplifiers, 
extended range Vacuum Tube 
Voltmeters, Oscillographic Re- 
. corders, Complex Plane Ana- 
me: 8 lyzers 


Write. Wire or Call for technical literature and specific data. 





523 Main Street, Acton, Mass. 
COlonial 3-7711 


West Coast Plant — Box 3941, No. Hollywood, Calif. 





POplar 5-8620 








F&P Automatic Digital Readout 





New Fischer & Porter Automatic Logger 


C-2 Digi-Coder Converter 


FISCHER & PORTER COMPANY 


COUNTY LINE ROAD + HATBORO 3, PA. 


Speeds Recording of Mass Spectrometer Analyses 
Makes Possible Completely Automatic Control Systems 


This new addition to the F&P Auto- 
matic Logger line has been designed to 
eliminate the time delay and the human 
error involved in plotting compositions 
from the continuous strip-chart re- 
corder of the spectrometer. The read- 
out, quickly connected to most existing 
mass spectrometers, provides: 

e Automatic and immediate printed rec- 

ord of elements under analysis 


e A means for producing data in punched 
tape, card or other digital form, per- 
mitting completely automatic analysis 
through direct input to computers 
Mass spectrometer analyses for directly 
correcting out-of-line variables on oper- 
ating process units 


e Analyses can be recorded as computed 
operating guides 


The basic digitizing mechanism of the 
readout is the Fischer & Porter Digi- 
Coder, an electromechanical analog-to- 
digital device that converts shaft rota- 
tion into any digital code. In the 
readout, it converts into digital form 
the output voltage peaks generated by 
the spectrometer. It will scan all voltage 
peaks or can be set so that it will read 
only selected bands in a given spectrum. 


For additional technical information, 
send for free literature. 


Measuring, recording and controlling instruments 


Centralized control systems 


Data reduction and automation systems 


Chlorination equipment 


Industrial glass products 


Sales offices in 32 American cities and in principal cities abroad 





